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Chapter 3

PROCEDURES

3.1. In t roduct ion

Chapter 2 concluded that averting expenditure measures are useful in
estimating willingness to pay for and willingness to accept changes in
environmental qual i ty. This chapter contains a description of the methods
used to empirically measure averting expenditures, including a description
of the study si tes. The empirical analyses will then be described. These
analyses will provide information on the magnitude of household averting
expenditures and the factors influencing these expenditures levels,
especial ly perceptions of drinking water contaminant r isks.

3 .2 .  Descr ip t ion o f  Study S i tes

This study examined a community which was experiencing a water
contamination incident and, for a comparison, one that was not. In the
Spring of 1989 several sources, including the Pennsylvania Department of
Environmental Resources (DER) and the division of the Environmental
Protection Agency (EPA) responsible for the National Pesticide Survey, were
contacted to obtain an inventory of Pennsylvania communities that had
maximum contaminant level (MCL) violations. From DER data, approximately
one dozen communities were found to exceed the MCL for at least one
volatile organic chemical (VOC). Each community was contacted by phone to
obtain more detai led information about their si tuat ion, such as the
populat ion affected and publ ic not i f icat ion. Most of the communit ies
removed the contaminated well from service shortly after the VOC was
discovered and were able to meet water demand with remaining wells.

The study focused on communities with a public water source and
excluded communities with private wells. By studying a community with a
public water source, the water is l ikely to be of similar qual i ty
throughout the community. The results from studying a community without a
public water source would be more difficult to interpret since the water
may be of differing quality due to the presence of many private wells. A
minimum population of 500 households was chosen to obtain a sample from a
community with a public water source. Another criterion was that the
contamination incident should continue during the entire study period. The
likely duration of the contamination incident was determined by contact
with the DER or local health agency.

The borough of Perkasie, located in Bucks County, Pennsylvania, was
chosen as an example of a community that was affected by water
contamination. A map indicating the location of Perkasie is given in
Figure 3.1. The population of Perkasie was 5241 according to the 1980
census (Rand McNally, 1990). The borough’s municipal water is supplied by
the Perkasie Borough Water Authority. Perkasie has approximately 2700



Figure 3.1 Location of Doylestown and Perkasie
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residential  water connections. In late 1987, trichloroethylene (TCE) was
found in water tested by the DER. TCE is a volatile organic chemical which
can enter groundwater from industrial and agricultural sources and can
cause adverse short-term and long-term health affects, including cancer (PA
DER, 1986).

The maximum contaminant level established by the U.S. EPA for TCE is 5
pa r t s  pe r  b i l l i on . Levels of TCE were as high as 35 parts per billion
southern Perkasie. No temporary solution was available to reduce TCE
levels below the MCL. The Water Authority, as required by DER, notified
its customers of the TCE situation in a newsletter in June 1988. Customers
were also told the levels of TCE could be reduced by boiling water before
use. A January 1989 newsletter informed residents that TCE was still
present in the borough water supply and the problem was expected to be
resolved in the next few months. A copy of this letter is given in
Appendix B. However, when the questionnaire was mailed in September,
1989, the DER indicated that the problem was likely to remain until Spring
of 1990.

The borough of Doylestown, also located in Bucks County,
Pennsylvania, was chosen as a community that had not experienced any
recent water supply problems. The location of Doylestown is also shown in
Figure 3.1. The borough has over 2,900 residential water connections
serviced by the Doylestown Water Works. Doylestown is located about 15
miles from Perkasie and population was 8717 according to the 1980 census
(Rand McNally, 1990). TCE was detected in one well in 1986 but that well
was taken out of service and sufficient water was obtained from remaining
wel ls . This received l i t t le publ ici ty and since that t ime the water supply
has had no further MCL violations.

There are several reasons for studying a community with no
contamination problems. First, comparisons between the two communities
wil l  be useful in several aspects, inc lud ing r isk  percept ions,  a t t i tudes
towards state and local governments and future expectations concerning the
quali ty of the water supply. Campbell and Stanley (1966) indicated that
improved validity of results can be obtained when a “control group” is
studied. A control group is defined as a sample or population which has
not experienced the factor under study. In this situation, one group has
experienced water contamination and another has not. The difference
between the control group and the experiment group is assumed to be due to
the factor under study. To determine if Perkasie and Doylestown residents
have similar attitudes towards water contamination, questions were asked
about risk perceptions and averting actions related to water use. A
community with water contamination problems is not likely to be
representat ive in i ts views and att i tudes towards drinking water r isks
since most communities have not experienced such problems. A water
contamination incident may increase awareness and concern over water
qual i ty  issues. As a control group, Doylestown would be representative of
risk attitudes and averting expenditures in Perkasie prior to TCE
contamination. Data from the two communities will be compared to determine
if Doylestown is an appropriate control group for Perkasie.
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3.3. Data Collection

Mail questionnaires were chosen as the instrument to elicit
information concerning individual ’s avert ing behaviors, r isk perceptions
and demographic factors. The instrument was chosen due to cost
considerat ions. Time, personnel and other resources were not available to
conduct personal telephone interviews for the total sample of nearly 4000
households in the two communities. Data collection through telephone
interviews may result in higher response rates and more complete
information than mail questionnaires (Dillman, 1978). However, a high
response rate (70%) was achieved in the pilot study using mail
questionnaires (Abdalla, 1989) and mail questionnaires have been used in
several previous studies of the value of environmental factors (Menz and
Mullen, 1981; Barrington, Krupnick and Spofford, 1986).

A mailing list of over 3,200 Perkasie residents was obtained from the
Perkas ie  Borough Of f ice ’s  l is t  o f  e lec t r ic i ty -b i l l  payers  s ince a mai l ing
list could not be obtained from the Perkasie Borough Water Authority
o f f i c e . Businesses were excluded from the mailing list since only
information concerning household averting expenditures was desired. A
representative sample size was determined based on a procedure described by
Kalton (1983). The formula below is indicated by Kalton to obtain results
which are within 2% of the population distribution with 95% confidence. In
other words, the 95% confidence interval of the population mean is defined
as plus or minus 2% of the sample mean by:

(1)

where n’ is an ini t ial  est imate of the sample size, P is the populat ion
percentage to be sampled and Q is defined as (100-P).

Obviously, (PQ) is maximized when P=Q=50 percent. Kalton indicates
that 30 percent is a relat ively conservative est imate of P. Then, n’  is:

(2)

Since this sample size is relat ively large compared to the effect ive
populat ion size of 2602, Kalton suggests the fol lowing calculat ion to
revise the sample size :

(3)

where n is the revised sample size and N is the population size. The
revised sample size is thus:

(4)

Consideration must also be given to the expected response rate of the
survey. Assuming a response rate of 60%, 1893 surveys should be mailed.
To simplify the sampling procedure, an approximation of this value was to
choose a two-thirds sample of 1733. The sample was chosen by deleting
every third entry from the mail ing l ist.
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A mailing list for Doylestown was obtained from the Doylestown
Borough Office. This l ist  included al l  residential  and business water
connections. The business connections were excluded from the sample. In a
manner similar to the procedure for the Perkasie sample, a two-thirds
sample was considered appropriate to obtain representat ive results. The
sample was obtained by deleting every third entry from the mailing list and
included 1558 households.

The survey process was similar to that suggested in Dillman (1978).
The init ial  mail ing included a copy of the questionnaire, a cover letter
introducing the project and encouraging response and a self-addressed
return envelope with prepaid postage. A copy of the cover letter and
questionnaire sent to Doylestown residents is presented in Appendix C. A
copy of the cover letter and questionnaire sent to Perkasie residents is
given in Appendix D. One week after the ini t ial  mail ing, a reminder
postcard was sent to the entire sample which thanked those that had
returned the questionnaire and asked those that had not returned it to do
so. A copy of this postcard is given in Appendix E. Two weeks after the
postcard, a mailing was sent to only those households which had not yet
returned the questionnaire. This included another copy of the
questionnaire, a cover letter and return envelope. Final ly, a fourth
mailing was sent five weeks after the postcard to households which had
sti l l  not returned a questionnaire. The contents of this mailing were
similar to that used in the third mail ing.

3 .4 .  Analy t ica l  Methods

Information obtained from the mail questionnaires was used to
calculate averting expenditures for each household. The change in
averting expenditures resulting from the Perkasie TCE contamination was
determined by isolating costs indicated to be a direct response to the
contamination. For Doylestown residents, a value was established for
household averting expenditures. Summing Perkasie household averting
expenditures for all respondents and extrapolating to the community
populat ion, an est imate of total avert ing expenditures result ing from the
TCE contamination was estimated.

The validity of the Doylestown sample as a control group was tested by
comparing the distr ibut ions of demographic and r isk variables. I f
Doylestown is a val id control group, the avert ing expenditure levels in
Doylestown can be considered an acceptable approximation of the averting
expenditures in Perkasie without the TCE contamination.

Descriptive statistics will be presented for both communities and
compared to test the validity of Doylestown as a control group.
Regression analyses will be performed to explain averting behavior levels.
This will be done for both communities and the results can be compared.
Since the dependent variable is continuous, ordinary least-squares can be
applied as the regression technique. Ordinary least-squares was chosen as
the regression procedure, as opposed to other methods such as factor
analysis or two-stage least-squares, since strong hypotheses for the
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relationships between the dependent and independent variables do not exist
in previous studies.

3 .5 . Variable Descript ions

3.5 .1 . Dependent Variables

The dependent variable dif fers in the two survey sites. Since the
Doylestown site does not involve a change in water quality, the dependent
variable is the total dol lar value of household avert ing expenditures. The
dependent variable for the Doylestown situation is referred to as DOY_EXP.
The Perkasie site did involve a change in water quality so the calculation
of a change in household averting expenditures as a result of contamination
was possible. In this si tuat ion, the dependent variable is the est imated
dollar value of the change in averting expenditures. The dependent
variable will be referred to as PER_EXP and will be calculated as the
additional household averting expenditures as a direct result of the TCE
contamination.

Household averting expenditures can be estimated from the survey data.
The total expenditures will be the sum of the costs of bottled water,
boiling water, purchasing home filtration systems and hauling water. The
costs due to purchasing and installing a home filtration system are taken
directly from the survey. The cost of bottled water can be inferred by
obtaining an average cost of bottled water through contacting local bottled
water  d is t r ibu tors . The costs associated with boi l ing water wi l l  include
the time and energy cost involved. The cost of hauling water will be
calculated as the sum of the travel and time expenses. Detai ls of the
estimation process are given in Chapter 4.

The definition of the dependent variable assumes that households can
engage in a level of averting expenditures ranging from a dollar value of
zero to any positive value. However, a certain level of averting
expenditures may represent different levels of protection across
households, depending on the production technology of the household. Thus,
the dependent variable represents a level of averting expenditure but not
necessari ly a level of protect ion.

The dependent variables included in the regression analyses are also
specified as the natural logarithm of the change in averting expenditures
for the Perkasie sample and the averting expenditures for the Doylestown
sample. This specif icat ion represents an alternative funct ional form of
the model. This specification reduces the impact of individuals engaging
in very costly averting behaviors, such as purchasing a home water
purification system.

3.5 .2 . Independent Variables Included in Both Analyses

The independent variables to be considered in both regression
equations are listed below with any available references to support
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inclusion of the variables. Also, hypothesized relat ionships with the
dependent variable are discussed.

1. FAMILIAR: The respondent’s rat ing of his or her famil iar i ty with
chemical substances on a linear integer scale from 1 (Not familiar at all)
to 4 (Very Famil iar). The direction of influence is not hypothesized since
previous studies have not included such a variable and logical deductions
can be made in both directions. For example, an individual who is familiar
with chemical substances may practice safety measures on the job and
likewise engage in household defensive measures. Another possibility is
that an individual who is familiar with chemicals and has not experienced
any adverse effects may believe that defensive measures are unnecessary.

2. SERIOUS: The respondent’s perception of the problem of toxic chemicals
in the environment on a linear scale from 1 (Not serious) to 4 (Very
ser ious) . A positive relationship is hypothesized with DOY_EXP since
individuals who believed chemicals were a serious problem are expected to
be more l ikely to engage in avert ing actions. No definite relat ionship is
hypothesized with PER_EXP. Perkasie residents who believed chemicals were
a serious problem in the environment may already have been taking averting
actions before the TCE contamination and believed that no additional
averting actions were warranted. For Perkasie residents who were not
taking averting actions before the contamination and indicated that
chemicals were a serious problem, the TCE contamination is hypothesized to
motivate them to take defensive measures.

3. TRUSTPA: The trust in state off ic ials to provide the facts concerning
the quali ty of the water supply. This information is given on a scale from
1 (You can not trust them at all) to 4 (You can trust them a lot). This
variable is hypothesized to relate negatively with avert ing
expenditures since individuals who mistrust state off ic ials are l ikely to
bel ieve that their water qual i ty is worse than avai lable information
indicates and take averting measures.

4. TRUSTLOC: The trust in local officials to provide the facts concerning
the quali ty of the water supply. The responses to this variable are the
same as TRUSTPA. This variable is also hypothesized to relate negatively
with averting expenditures for the same reason as TRUSTPA.

5. FUTURE: For the Doylestown sample, the probability that the
respondent’s water supply will be affected by any problems in the next few
years. For the Perkasie sample, the probability that the water supply will
be affected by additional problems in the next few years. The indexed
response ranges from 1 (Very high chance) to 5 (Very low chance). This
variable is hypothesized to be negatively related to the dependent
variables since individuals who anticipate future water qual i ty problems
are likely to engage in averting actions as a protective measure.

6. SCHOOL: The respondent’s education level, given on a scale from 1
(Never attended school) to 7 (Graduate or professional school). No
hypothesis is made concerning the direction of influence of this variable.
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Educated individuals may be more aware of the facts relating to water
qual i ty and possible avert ing act ions. Whether or not this wi l l  result  in
more or  less aver t ing act iv i ty  is  not  in tu i t ive ly  c lear . However, a
variable for education was included in previous averting behavior studies,
such as Smith and Desvouges (1986). They concluded that increased
education was likely to be associated with less averting behavior. Gerking
and Stanley (1986) found that education did not signif icantly inf luence
wil l ingness-to-pay bids for improved air qual i ty.

7. HEALTH: The respondent’s indicated health, ranging on a linear scale
from 1 (Very poor) to 5 (Very good). The relationship with the dependent
variables is hypothesized to be negative, indicating that individuals in
poor health are l ikely to undertake greater avert ing expenditures.
Individuals with poor health are at a higher basel ine r isk to i l lness than
those with good health. Assuming individuals with poor health value
marginal health increases more than do those in good health, they would be
likely to spend more on averting goods. A health variable was included in
previous studies to value environmental factors. Gerking and Stanley
(1986) concluded that health did not have a stat ist ical ly signif icant
effect on WTP bids for improved air quality. Shechter (1989) included a
health variable in logit  regression equations predict ing the probabil i ty of
v is i ts  to  phys ic ians but  i t  was not  ind icated as s ta t is t ica l ly  s ign i f icant .

8. JOBRISK: The subjective rating of the risk the respondent undertakes
during the duties of his or her job. This information is given on a scale
f rom 1 ( Ins ign i f icant  r isk)  to  5  (Very  ser ious r isk) .  S ince an ind iv idua l
whose occupation entails risk may be more likely to accept risks elsewhere,
the hypothesized relationship between JOBRISK and the dependent variables
is negative.

9. INCOME: Income was coded by defining a dummy variable for nine of the
ten income categories. A dummy variable was not assigned to the first
income category (Below $5,000) since that was chosen as the baseline income
category. A value of 1 indicated that the respondent checked that
particular income category. All dummy variables were included in the
regression analysis. Sta t is t ica l  s ign i f icance is  in terpre ted by s ta t ing
that the avert ing expenditures of individuals with that income category
differed from those with income below $5,000. Those income variables which
were stat ist ical ly signif icant were grouped together to form another
variable, indicating income above or below a certain amount. The exact
specification of any income variables will be given with the regression
results in Chapter 5. A positive relationship is hypothesized between
INCOME and the dependent variables because higher income is likely to allow
for  a  greater  leve l  o f  aver t ing expendi tures.  A pos i t ive  re la t ionsh ip
between income and contingent WTP bids to avoid risk increases was found by
Smith and Desvouges (1987). However, Smith and Desvouges (1986) found that
income d id  not  s ign i f icant ly  in f luence the probabi l i ty  that  ind iv idua ls
wil l  engage in certain avert ing behaviors.

10. HOME: Whether the respondent rents or owns (or is buying) a dwelling.
This is coded as a 0 if the respondent rents and a 1 if the respondent owns
or is buying. The hypothesis is that a renter is not l ikely to invest in a
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permanent home filtration system, preferring less expensive and more
temporary averting behaviors. Thus, a posit ive relat ionship is expected.

11. CHILD: Whether or not any children 3 to 17 years old live in the
respondent’s household. This will be coded as a 0 if no such children are
present and a 1 if children are present. The hypothesis is that famil ies
with children are more likely to invest in averting goods due to concern
over the chi ldren’s health and a posit ive relat ionship is expected.
Support for this hypothesis comes from Shechter (1989), who found that
physician visits, which can be considered a type of averting behavior, were
more likely to occur among households with children 18 years of age or
younger. Smith and Desvouges (1987), on the other hand, concluded that the
number of children did not significantly influence contingent WTP bids to
avoid r isk increases.

12. INFANT: Whether or not any children under 3 years of age are present
in the respondent’s household. This will be coded as a 1 if such children
are present and a 0 i f  no infants are present. This variable is
hypothesized to be positively related to the dependent variables for
reasons similar to that for CHILD. A distinction was made between CHILD
and INFANT due to the conclusion of Abdalla (1989) that the presence of
children under 3 years of age was an important explanatory variable of
averting expenditure changes associated with a water contamination incident
but children 3 to 17 years of age was not significant. Thus, while both
CHILD and INFANT are expected to be positively related to the dependent
variables, INFANT is hypothesized to exhibit greater explanatory power.

13. SMOKE: Whether or not the respondent smokes, coded as a 0 if the
respondent does smoke and a 1 if he or she does not smoke. Ind iv iduals
that smoke are assumed to be less health conscious than those who do not,
so smokers are likely to spend less on averting goods as a safety measure
from detr imental health effects and thus a posit ive relat ionship is
hypothesized. Smith and Desvouges (1986) found that smokers were less
l ikely to engage in purchasing water f i l ters and bott led water to avoid
exposure to tap water.

14. EXERCISE: An index of the frequency of exercise the respondent
undertakes. The scale ranges from 1 (Not at all) to 5 (Five or more times
per week). The hypothesis is that individuals who exercise often are more
concerned about their health which may lead them to undertake averting
actions related to water use. Thus, a posit ive relat ionship is expected.

15. AGE: The age of the respondent in years. The expected relationship is
indeterminant since evidence does not indicate if older or younger
individuals are likely to spend more on averting goods. Previous research
has not found a consistent relationship between age and averting
expenditures. Smith and Desvouges (1986) noted that age did not
signif icantly inf luence the decision to purchase water f i l ters or bott led
water in responses to hazardous waste contamination. Also, Portney and
Mullahy (1986) included age in attempting to explain restr icted activi ty
days and d id  not  f ind a  s ta t is t ica l ly  s ign i f icant  re la t ionsh ip .  Weinste in
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and Quinn (1983) suggested that health decisions and willingness to accept
risks may be influenced by remaining life expectancy such that older
individuals are more l ikely to accept health r isks.

16. GENDER: The gender of the respondent, coded a 0 if female and a 1 if
male. A hypothesis is not given for this variable as neither previous
studies nor logical analysis indicates i f  gender inf luences avert ing
expenditures. Gerking and Stanley (1986) found that males gave lower
contingent WTP bids for improved air quality than females. Portney and
Mullahy (1986) included a dummy variable for gender with restricted
activity days as the dependent variable and found no statistical
s ign i f icance. Shechter (1989), using logit regression, found that females
were more l ikely to visi t  physicians. However, this may be due to
dif ferent health needs and not ref lect ive of avert ing behavior decisions.

17. MARRIED: Whether or not the respondent is married, coded as a 0 if not
married and a 1 if married. No def in i te  re la t ionship  is  hypothes ized for
this variable since no strong empirical evidence of a relationship has been
found in previous studies. Ostro (1983) included a dummy variable for
marital  status in explaining work loss as a result  of air pol lut ion but did
not  f ind  conc lus ive  s ta t is t ica l  s ign i f i cance.

3 .5 .3 . Independent Variables Included Only in the Doylestown
Analysis

The following independent variables will be used only in the
regression equations utilizing the Doylestown data set.

1. D_RISK: The indicated perception of the cancer risk associated with
drinking water. This variable is coded on a linear integer scale from 1
( Ins ign i f icant  r isk)  to  5  (Very  ser ious r isk) .  The hypothes is  is  that
individuals perceiving a high risk of cancer from drinking water are more
l ikely to have high levels of avert ing expenditures. Thus, a posit ive
relationship with DOY_EXP is expected.

2. D_RATE: An index of the respondent’s risk perception of general
environmental risks obtained from question (28) in the survey. The index
will be constructed by summing all nine responses to the question. Thus,
the value of D_RATE will range from 9 to 45 and a higher value will
indicate a higher level of r isk aversion. Individuals who rate risks as
more serious are hypothesized to spend more on averting goods; thus, a
posit ive relat ionship is expected. Note that D_RISK is a risk rating
specific to water quality and D_RATE is a general risk rating referring to
environmental inf luences. Cropper (1981) included an index of r isk
aversion in considering the effect of air pol lut ion on lost days of work
but  d id  not  obta in  s ign i f icant  resu l ts .

3. D_PROB: A dummy variable signifying awareness of any problems with the
water supplied by the Doylestown Water Works. This was coded a 0 if the
respondent was not aware of any problems and a 1 if the respondent was
aware of at least one problem. The hypothesis is that respondents aware of
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problems would consider their water to be of lesser quality than those not
aware of problems. Thus, individuals who were aware of problems are
expected to engage in averting behaviors and a positive relationship is
anticipated.

3 .5 .4 . Independent
Analysis

Variables Included Only in the Perkasie

The fol lowing variables wil l  be included only in regression equations
based on the data set from the Perkasie survey.

1. P_BEFORE The respondent’s rating of the cancer risk associated with
drinking the water before the presence of TCE. The scale ranges from 1
( Ins ign i f icant  r isk)  to  5  (Very  ser ious r isk) .  A hypothes is  concern ing the
direct ion of inf luence is not evident since views concerning the qual i ty of
the water before the presence of TCE may not influence averting behavior
decisions made after the contamination incident became known. I f  p r i o r
opinions do affect averting expenditures, the relationship with PER_EXP can
be hypothesized in either direction. For example, an individual who
perceived the health risk as high before the TCE contamination may already
have been engaging in a significant level of averting activity and decided
that no further actions were necessary as a result of the contamination.
However, a high value for P_BEFORE may indicate a high concern about water
quality and a large increase in averting expenditures when the
contamination was announced.

2. P_TCE: The qualitative rating of the cancer risk associated with the
levels of TCE in the water supply. This scale also ranges from 1
( Ins ign i f icant  r isk)  to  5  (Very  ser ious r isk) .  A pos i t ive  re la t ionsh ip  is
expected between P_TCE and PER_EXP since individuals who perceive a high
level of r isk associated with the TCE contamination incident are l ikely to
react by investing in avert ing behaviors.

3. P_RATE: A variable defined exactly as D_RATE. The sum of all
responses to question (47) of the Perkasie survey is taken to obtain
P_RATE. A positive relationship is expected since averting expenditure
increases are likely to occur for individuals who rate risks as being more
serious.

4. P_CANCER: An alternate specification of P BEFORE and P TCE which
attempts to quantify the increase in cancer risk associated with the TCE
contamination. This variable is obtained by f irst noting the value of
P_TCE from question (48) of the survey. Then referring back to question
(47), locate the numerical r isk rat ing(s) corresponding to the qual i tat ive
response from question (48). I f  the qual i tat ive r isk evaluation (response
to question (48)) is circled only once in question (47), then the value of
P_CANCER can be read directly from the logarithmic scale, such as 1 in 10
mi l l ion.  I f  the qual i ta t ive  r isk  eva luat ion is  c i rc led an odd number  o f
times in question (47), then the midpoint will be considered the value of
P_CANCER. If the response to question (48) is circled an even number of
times in question (47), then the numerical average of the two middle values
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will be taken as P_CANCER. For example, assume the respondent answered
question (48) with a response of (Serious) and circled (4), corresponding
to a (Serious) response, for values of (1 in 10,000), (1 in 1,000), (1 in
100) and (1 in 10) in question (47). Then a value of 1/550 (the midpiont
of 1 in 100 and 1 in 1,000) would be assigned for P_CANCER. Note that a
value of 1/550 (0.00182) would also be assigned for a respondent that
answered (Serious) for only (1 in 1,000) and (1 in 100). Possible
differences in risk attitudes between such responses are not defined in the
available literature. The P_CANCER variable can assume values from 1 in a
billion to 1/10. The hypothesized relationship between P_CANCER and PER_EXP
is positive since individuals who perceive the cancer risk of TCE as high
(a high value of P_CANCER) appear more likely to take specific averting
actions than individuals who rate the cancer risk as low.

5. P_INFO: An index of the information the respondent received or
obtained relating to the health risks of exposure to TCE and the household
actions that can be taken to reduce exposure. This variable is obtained by
summing the responses to questions (9) and (10) of the Perkasie survey.
Thus, the value of P_INFO ranges from 2 to 8, with a higher value
indicat ing more information received or obtained. The expected result  is
that individuals with more information concerning TCE are more likely to
increase averting expenditures. However, this expected relationship may be
reversed if the received or obtained information indicates that exposure to
TCE poses little or no health threat. A similar variable was considered
by Swartz and Strand (1981). They found that the amount of newspaper
art icles printed concerning a contamination incident posit ively inf luenced
activi t ies to avoid exposure.

6. P_OTHER: A dummy variable assigned a value of 0 if the respondent was
not aware of other water problems besides the TCE contamination and a value
of 1 if the respondent was aware of other water quality problems. The
relationship between PER_EXP and P_OTHER can be hypothesized to be either
d i r ec t i on . If the respondent was aware of other problems, averting actions
may have been taken in response to these problems such that additional
actions were not necessary due to the presence of TCE in the water.
However, if no averting actions were taken in response to the other
problems, the presence of TCE in the water may have been a factor which
convinced individuals to take some actions.

3.6. Risk Perception and Analysis

Changes in environmental quality may affect the level of health risk
imposed upon individuals. The scient i f ic information concerning various
health effects of environmental pol lut ion are not ful ly understood (Slovic,
1986). Epidemiological research attempts to understand biological health
effects utilizing human and animal data (Hoffman, 1989). Previous studies,
such as Pitcher (1989) and Murdoch, et al. (1989), have attempted to
understand the health affects associated with environmental factors.

Public perceptions of environmental health risks are often inaccurate
(Liechtenstein, 1978). El ici t ing information concerning att i tudes towards



53

risk presents several di f f icult ies (Slovic, 1986). Risk perceptions may be
based on past experiences, such as accidents or natural disasters, which
may overemphasize the seriousness of certain risks. Likewise, “undramatic”
risks that most individuals are not exposed to, such as diabetes or asthma,
may be understated. Some risk topics, such as nuclear power, cause anxiety
and fear result ing in a perception that the health r isk is more serious
than  i t  ac tua l l y  i s . Even i f  accurate scient i f ic information is given to
the publ ic ,  psycholog ica l  research ind icates that  ind iv idua ls ’  be l ie fs
change slowly and only research results supporting initial beliefs may be
considered accurate. Media coverage, which may be inaccurate, can also
bias r isk perceptions and subtle inferences can strongly affect att i tudes.
Other factors that inf luence r isk perceptions include dif ferences between
types of r isks, such as voluntary and involuntary, injurious and fatal,  and
chronic and catastrophic r isks (Slovic, 1986).

An important objective of this research was to develop a better
understanding of r isk perceptions through improved el ici tat ion methods. A
common approach to eliciting risks in mail questionnaires is to present
some form of risk ladder, such as Barrens (1987). Risk ladders require
individuals to indicate their ranking of a r isk on a numerical scale.
Often, examples of known risks are given at certain values to assist the
ab i l i t y  t o  re l a te  t o  t he  r i s k . A r isk ladder was ut i l ized in the pi lot
study of this research (see Appendix A) and was found to be ineffective for
several reasons (see Chapter 2).

The comments obtained from the pilot study indicated that presenting
benchmark examples of risks is often confusing since many individuals were
not  aware o f  the r isks  o f  the l i s ted ac t iv i t ies . Thus, examples were
excluded from the risk perception question in this study.

An innovative method to elicit risk perceptions was designed and
implemented in question (28) of the Doylestown survey (see Appendix C) and
question (47) of the Perkasie survey (see Appendix D). Compared to the
narrow range of the pi lot study’s r isk ladder, this matr ix presents a broad
range of numerical risks. This was designed to eliminate any bias
associated with a risk ladder that usually presents a more limited range of
p o s s i b i l i t i e s . The range in the present survey instrument, from one in a
bi l l ion to one in ten, covers a range that includes almost al l  actual
hea l th  r isks . The question asks the respondent to consider increases in
cancer r isks, which is specif ic enough to focus attent ion on involuntary,
long-term and possibly fatal health risks without confusing the respondent
with excessive detai ls.

The matr ix table al lows individuals to rate several r isk levels,
rather than a conventional approach which inquires about only one risk
l eve l . Also, the respondent’s understanding of the question and the
consistency of their answers can be checked. For example, if a respondent
rates a r isk of (1 in a mil l ion) as more serious than a r isk of (1 in 100),
the assumption can be made that the question was not understood. One could
then delete that observation from the analysis. Also, information can be
obtained on marginal and non-marginal risk changes since such a broad range
of r isk levels is presented.
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The data obtained on risk perceptions will be presented in Chapter 4.
Several comparisons between the two communities will be made. First,
qual i tat ive perceptions of the cancer r isk associated with the water of the
Doylestown sample will be compared with qualitative risk perceptions of the
Perkasie sample before the contamination. The mean values of both
qual i ta t ive r isk  percept ions are hypothes ized to  be s ta t is t ica l ly  s imi lar
with 95% confidence. The validity of the using Doylestown sample as a
control group wil l  be strengthened i f  this hypothesis is correct since the
baseline risk perception level of both communities could be considered
similar before the TCE contamination occurred in Perkasie.

The variable P_CANCER, described previously, will be analyzed to
quantify perception of the risk associated with the TCE contamination in
Perkasie. The quantitative risk perception will be compared with the
actual level of risk (based on laboratory tests) to determine the accuracy
of  ind iv idua ls ’  r isk  percept ions. Responses of the Doylestown sample to
the risk matrix will also be presented, analyzed and compared to those of
Perkasie to determine i f  r isk perceptions are dif ferent.

The final component of the risk analysis will be to estimate the
value of a stat ist ical l i fe associated with the TCE contamination in
Perkasie. The va lue o f  a  s ta t is t ica l  l i fe  w i l l  be  ca lcu la ted in  th is
research by using the following formula:

Va lue o f  a  s ta t is t ica l  l i fe  = (fl*e)/n (5)

where ~ is the average value of P_CANCER such that the average risk
perception of the TCE contamination is l/#, e is the estimate of the
averting expenditures associated with the contamination for the Perkasie
population and q is the Perkasie population size. The obtained value of a
stat ist ical l i fe wi l l  be compared with the values obtained by other
researchers (see Table 2.1). The values for a stat ist ical l i fe presented
in the next chapter are the f irst derived using the avert ing behavior
approach.
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Chapter 4

DESCRIPTIVE EMPIRICAL RESULTS

4.1. In t roduct ion

This chapter presents the descript ive stat ist ics for data obtained via
the procedures described in Chapter 3. Averting expenditure estimates,
which were demonstrated to have theoretical relevance in Chapter 2, will be
calculated. Also, the congruence of individuals’  r isk perceptions with
risk est imates based on extrapolat ions from laboratory studies wil l  be
explored. Last ly ,  the va lue o f  a  s ta t is t ica l  l i fe  w i l l  be ca lcu la ted for
the Perkasie sample and compared with values found by other researchers.

4.2. Response Rate of the Perkasie Survey

A total of 793 completed questionnaires were received from Perkasie
residents. There were 32 questionnaires which were returned but were not
valid for such reasons as the individual no longer lived in Perkasie or
certain questions pertaining to awareness of TCE or to averting activities
were not answered. Also, nine questionnaires were undel iverable. Thus,
the effective response rate was 46.9%.

The response rate was lower than anticipated, raising the potential of
a non-response bias when extrapolating the sample results to the
populat ion. Specifically, non-respondents may have been less interested or
less aware of the TCE contamination and, consequently, took fewer averting
actions than respondents. To determine if such a bias was present, 50 non-
respondents were contacted by telephone to answer several questions
concerning their knowledge of contamination and averting actions. The
results of this fol low-up indicated that no bias was present. The detai ls
of the comparison of the mail questionnaire results with the telephone
interview results wi l l  be presented in sect ion 4.5, after the results of
the mail questionnaire have been analyzed.

4.3. Descriptive Results of Perkasie Survey

A question was asked in the survey to determine the source of the
water suppl ied to the respondent’s residence. Since the mail ing l ist  was
not obtained from the Perkasie Borough Water Authority, this question
identi f ied respondents with private wel ls as their water source. Of the
789 individuals who answered a question concerning the source of their
water, 676 respondents indicated that they were supplied by the Perkasie
Borough Water Authority, 89 respondents indicated that they had a private
well and 24 respondents indicated that they did not know the source of
the i r  water . Since private wells involve rather prominent equipment and
require occasional maintenance, individuals were assumed to know that a
private well was present. Thus, individuals who did not know the source of
their water were assumed to be Perkasie water system customers.
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Respondents with private wells were excluded from further analyses since
they were assumed to have been unaffected by the contamination of the
public system.

A total of 703 respondents answered a question concerning awareness of
the TCE contamination. Over 43%, or 304 respondents, indicated that they
were aware of the contamination while 56.8%, or 399 respondents, reported
they were not aware of contamination.

Individuals aware of TCE contamination were asked whether they were
taking any averting activities related to water use prior to becoming aware
of the presence of TCE. Of the 298 individuals who answered this question,
26.2%, or 78 respondents, indicated that they were taking some measures,
while 73.8%, or 220 respondents, indicated that they were not taking any
act ions. Of the 78 individuals who were taking some defensive measures, 67
(85.9%) were purchasing bottled water before the contamination. Thirty-
three of these 67 individuals increased their bottled water purchases as a
result of the TCE contamination. The average increase in bottled water
purchases was 2.656 gallons per week.

Individuals who were not purchasing bottled water prior to the
contamination were asked if they started buying bottled water as a result
of contamination. Over 23%, or 57 individuals, indicated that they
initiated bottled water purchases while 76.6% indicated that they did not.
The average amount of bottled water purchased was 3.286 gallons per week.

All respondents who were aware of the TCE contamination were asked if
they purchased a home water purification system due to the presence of TCE
in the i r  water . Thirty-one individuals, or 10.6% of those who answered the
question, reported the purchase of such a system. The average price,
including instal lat ion costs, was $422.61.

Respondents were then asked if they hauled water from an alternate
source as a result of the TCE contamination. Of the 294 individuals who
answered the question, only 23, or 7.8%, indicated
water. An average of 1.62 trips per week were made at an average round-
trip distance of 25.83 miles. Individuals hauling water were asked how
often the trip was for the sole purpose of hauling water.
of the respondents hauling water never made the trip for the sole purpose
of hauling water (see Table 4.1).

that they did haul

More than half

A total of 296 respondents answered a question pertaining to whether
they boi led water due to the presence of TCE. Fif ty-six individuals, or
18.9%, indicated that they boiled water. The average amount boiled was 5.9
gallons per week.

4.4. Averting Expenditure Estimates of the Perkasie TCE
Contamination

The costs of the Perkasie TCE contamination were divided into the
fo l lowing f ive  categor ies :
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Table 4.1 Frequency of Trips to Haul Water for the Sole Purpose of
Hauling Water During Perkasie TCE Contamination

How Often the Trip Was
For the Sole Purpose
of Hauling Water Frequency Percentage

1. Never 12 52.2
2. 1/4 of the Time 5 21.7
3. 1/2 of the Time 2 8.7
4. 3/4 of the Time 1 4.3
5. Always 2 8.7

Missing Values 1 4.3

Total 23 100.0
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1. Increased purchases of bottled water among households that
were purchasing bottled water prior to the contamination

2. New purchases of bottled water among those households that
were not purchasing bottled water prior to the contamination

3. Cost of purchasing home water purification systems
4. Cost of hauling water
5. Cost of boi l ing water

The methods used to estimate each cost are presented below.

The estimates represent the cost of the contamination incident up to
the time that the questionnaire was first mailed, which was September,
1989. All costs represent a flow of expenditures. Respondents were asked
when they first became aware of the presence of TCE in their water. This
date was assumed to be when respondents initiated their averting actions.
The number of weeks was calculated from the date each respondent became
aware of the presence of TCE up to the first mailing of the questionnaire.
Since respondents indicated the frequency of averting activities each week,
the frequency of each activity was calculated from the date the respondent
became aware of the contamination up to the questionnaire mailing date.

Respondents aware of the TCE contamination but who did not indicate
when they first became aware were assumed to have learned of the
contamination in January 1989, which was the average date for those
respondents who did indicate when they became aware of the contamination.
This represented 38 weeks of the indicated averting activities up to the
f i rs t  mai l ing o f  the quest ionnai re .

Further, since TCE was first detected in the Perkasie water in
December of 1987, respondents who answered that they became aware of TCE
before December 1987 were considered to have learned of the presence of TCE
in December 1987. Thus, the maximum period a respondent was considered
taking averting activities was from December 1987 to September 1989, or 88
weeks.

Also, respondents were asked if they were taking averting measures to
avoid exposure to TCE at the time they completed the questionnaire. I f  t he
respondent answered that their household had discontinued indicated
averting behaviors, the number of weeks the respondent was considered as
taking averting actions was reduced in half.

4 .4 .1 . Cost of Increased Purchases of Bottled Water

Several retail grocers in the Perkasie area were contacted by phone in
December 1989 to determine the price of bottled water in the area affected
by the TCE contamination. The average price was $0.83 per gallon. Of the
33 respondents who indicated that they increased their purchases of bottled
water as a result of the contamination, 8 respondents were no longer
purchasing increased amounts of bottled water at the time they completed
the questionnaire. The cost of additional bottled water was calculated by
multiplying the number of gallons per week respondents were purchasing by
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the length of time they were considered to be purchasing the water and by
the cost of $0.83 per gallon. The cost of addit ional bott led water for al l
respondents who were no longer purchasing additional bottled water totaled
$246.44. The cost of addit ional bott led water for those who were st i l l
purchasing increased amounts of bottled water at the time of questionnaire
completion totaled $2,953.14. Thus, total addit ional purchases of bott led
water due to the TCE contamination up to September 1989, was $3,199.58.

4 .4 .2 . Cost of New Purchases of Bottled Water

Of the 57 respondents who indicated they began purchasing bottled
water as a result of the TCE contamination, 26 answered that they were no
longer purchasing bottled water at the time they completed the
questionnaire. The same average cost of $0.83 per gallon was used to
calculate the cost of new bottled water purchases. The total  cost of
bottled water among those respondents who were no longer purchasing bottled
water was $1,717.67. The total cost of new bottled water purchases among
those households which were still purchasing bottled water in September
1989, was $4,983.32. Thus, the total cost of new purchases of bottled
water during the study period was estimated to be $6,700.99.

4 .4 .3 . Cost of Home Water Purification Systems

Thirty-one respondents reported the purchase of a home water
purification system to avoid exposure to TCE. The total cost of these
systems was $13,100.91 and the average cost was $422.61. However, the
full cost of a water purification system would be a cost of contamination
if the only reason for the purchase was to avoid exposure to TCE (see
explanation in section 2.10.). Since additional reasons may have
influenced the decision to purchase a purification system, only part of the
cost should be considered a cost of TCE contamination. In other words,
part of the purchase price could be associated with removal of TCE and part
associated with other benefi ts,  such as future water protect ion. Since
complete information about the reasons for purchasing a purification system
were not elicited in this study, no attempt was made to divide the purchase
price into separate components.

The useful life span of a water purification system was assumed to be
ten years. The purchase price (including installation) was converted to a
weekly cost by dividing the purchase price over a ten-year period (520
weeks). This weekly cost was then multiplied by the number of weeks the
respondent was considered to be taking averting actions in response to TCE.
Thus, even though respondents indicated they purchased purification systems
to avoid exposure to TCE, additional benefits would continue for the useful
life span of the system. A total of $1348.12 was calculated as the cost of
water purification systems attributed to TCE contamination. This estimate
is assumed to represent a lower-bound of the proportion of water
puri f icat ion system costs associated with contamination. Also, this f igure
does not include any maintenance costs that were incurred, such as regular
replacement and disposal of f i l ters.
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4.4 .4 . Cost of Hauling Water

The cost of hauling water was divided into travel costs and lost
leisure t ime costs. The travel cost was based on an average vehicle
operational cost of $0.326 per mile in 1987 (American Motor Vehicles
Manufacturers Association, 1988). Respondents indicated the round-trip
distance of trips to haul water and the number of trips per week. However,
since trips were not necessarily for the sole purpose of hauling water (see
Table 4.1) travel costs should be discounted according to how often the
trip was for the sole purpose of hauling water. If the respondent answered
that the trip was always for the sole purpose of hauling water, the total
travel cost was included in the estimate. I f  the respondent indicated that
the trip was for the sole purpose of hauling water three-quarters of the
t ime, the travel cost was mult ipl ied by a factor of 0.8. I f  the respondent
answered that the trip was for the sole purpose of hauling water one-half
of the t ime, the travel cost was mult ipl ied by 0.6. A discount factor of
0.4 was applied if the respondent made the trip for the sole purpose of
hauling water one-quarter of the time. Lastly, i f  the respondent never
made the trip for the sole purpose of hauling water, the travel cost was
mul t ip l ied by 0.2 . These weights were chosen to reflect a fixed cost of
hauling water, even for those who never made the trip for the sole purpose
of hauling water since the individual still had to take some time and incur
other costs to obtain the water.

To calculate the lost leisure time cost of hauling water, the amount
of time that a trip to haul water took was calculated by assuming an
average travel speed of 35 miles per hour. This time was discounted, in a
manner similar to the travel cost, according to how often the trip was for
the sole purpose of hauling water. Similar to Abdalla (1989), a low
estimate of the value of lost leisure time was defined as the minimum wage.
Until December, 1989 the minimum wage was set at $3.35 per hour (U.S.
Congress, 1989). An upper estimate of the value of lost leisure time was
the before-tax hourly wage as estimated by the respondents. This estimate
was derived by assuming the respondents’ annual income was the mid-point of
the income category checked in the mail questionnaire. Respondents were
assumed to be paid for 2080 hours in a year to obtain an estimated hourly
wage. If the respondent did not answer the income question, the average
estimated hourly wage of those who did respond to the income question,
$13.22 per hour, was used for the calculation.

Of the 23 respondents who hauled water in response to TCE
contamination, 8 stopped this practice by the time they returned the
questionnaire. The travel cost of hauling water for these households was
estimated to be $675.98. The value of lost leisure was estimated, valued
at the minimum wage, to total $313.37 and, valued at the estimated hourly
wage, to total $2,127.73. The total cost of hauling water for households
which stopped hauling water was estimated to range from $989.35 to
$2,803.71.

The travel cost for households hauling water at the time they returned
the survey was estimated at $1,975.80. The low estimate of lost leisure
time was $630.47 and the high estimate was $4,999.65. Including the travel
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cost, the cost of hauling water for those households hauling water at the
time of survey completion ranged from $2,606.27 to $6,975.45. Thus, the
total cost of hauling water for all respondents was estimated to range from
$3,595.62 to $9,779.16.

4.4.5. Cost of Boi l ing Water

The cost of boiling water was divided into the energy costs and lost
leisure t ime costs. The energy cost in the Perkasie area in 1989 was 5.5
cents per ki lowatt-hour. Respondents were assumed to boil one-half gallon
of water at a time for 8 minutes. This includes the time necessary to
bring water to a boi l  using an electr ic stove. and requires 0.35 ki lowatt-
hours  o f  e lec t r ic i ty  (Abdal la ,  1989) .

Of the 56 respondents who reported boiling water in response to the
TCE contamination, 21 were no longer boiling water at the time of
questionnaire completion. For these 21 respondents the energy costs of
boiling water were estimated as $174.51. Similar to the est imate of lost
leisure time for hauling water, leisure time was valued at the minimum wage
and estimated hourly wage. The value of lost leisure t ime due to boi l ing
water was estimated to range from $1,119.98 to $6,158.88. Thus, the total
cost of boiling water for those households which had stopped boiling water
was estimated to range from $1,294.49 to $6,333.39

The energy cost of boiling water for households boiling water at the
time the survey was completed was estimated at $431.10. The estimate of
the value of lost leisure time due to boiling water ranged from $2,766.53
to $11,665.00. The total cost of boi l ing water for households st i l l
boiling water was estimated to range from $3,197.63 to $12,096.10.
Including households which were no longer boiling water, the estimated
total cost of boiling water due to the TCE contamination from December 1987
to September 1989 ranged from $4,492.12 to $18,429.49.

4.5. Comparison of Perkasie Mail Questionnaire Results with
Telephone Interview Results

The possibility of a non-response bias existed due to the low
response rate of the mail questionnaire. A telephone interview of a
random sample of non-respondents was conducted to determine if respondents
and non-respondents were alike on key attributes. A copy of the telephone
interview questionnaire is included in Appendix F. Of the 50 individuals
contacted, 44 indicated that their water was supplied by the Perkasie
Borough Water Authority. A total of 22 of these individuals, or 50%,
indicated that they were aware of TCE contamination. Of the 22 individuals
that were aware of the contamination, 6 individuals, or 27.3%, said that
their household changed their act ivi t ies related to water use as a result
of the presence of TCE in their water.

Snedecor and Cochran (1980) describe the appropriate statistical test
to compare the binomial probabi l i t ies for samples of dif ferent sizes. They
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define the number of observations in the first sample as VI and the number
of observations in the second sample as q2. The probabil i ty that a certain
answer was given for the first sample is pl and the probability that the
same answer was given for the second sample is p2. Combine the samples to
obtain a pooled probability that the specific answer occurred, defined as
P12. Define 8 as (1-p12). A z-value is obtained by the following formula:

I f  the z-va lue is  s ta t is t ica l ly  s ign i f icant  a t  the 0 .05 leve l  on a  tab le
indicat ing a two-tai led t-distr ibut ion, then the two samples are considered
to  be d i f fe rent .

Two variables were tested to determine the similarity between the mail
questionnaire sample and the telephone interview sample: the awareness of
the TCE contamination and whether or not the household took specific
actions to avoid exposure to TCE. The z-value for awareness of the TCE
contamination was:

Th is  va lue is  not  s ta t is t ica l ly  s ign i f icant  so the te lephone in terv iew
sample and the mail questionnaire sample were considered to be similar
concerning awareness of the contamination.

Of the 304 individuals in the mail questionnaire sample who were
aware of the TCE contamination, 133, or 43.75%, took specific actions to
avoid exposure to TCE. Comparing this result to 27.27% from the telephone
interview sample, the obtained z-value was:

Th is  va lue is  a lso not  s ta t is t ica l ly  s ign i f icant .  Thus,  based on s imi lar
awareness of the TCE contamination and similar proportions taking averting
behaviors, the respondents were considered to be representative of the
entire sample. Thus, extrapolation of the sample results to the Perkasie
populat ion appears just i f ied.
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4.6. Total Costs of the Perkasie TCE Contamination

A summary of all estimated costs of TCE contamination incurred by the
Perkasie sample is presented in Table 4.2. The Perkasie population
consisted of 2760 households. Since the population size was greater than
the sample size of 793 households by a factor of 3.48, an extrapolation of
the costs to the population was made by multiplying the figures in Table
4.2 by a factor of 3.48. These costs are presented in Table 4.3. The
average weekly increase in expenditures for Perkasie during the 88 weeks
from the finding of TCE to the first mailing of the questionnaire ranged
from $696.74 to $1,492.43. The average weekly increase in averting
expenditures per household which undertook some averting actions in
response to the contamination ranged from
Perkasie households, the average increase
to $0.54 per week.

Referring back to the conclusions of
a lower-bound estimate of the total costs
inc ident . Thus, Perkasie residents would

$2.57 to $5.50. Considering al l
per household ranged from $0.25

Chapter 2, these costs represent
of the TCE contamination
have willing to pay a sum of at

least $61,313.29 to $131,334.06 to prevent the TCE contamination for the 88
weeks from December 1987 to September 1989.

4.7. Response Rate of the Doylestown Survey

A total of 737 valid questionnaires were received from Doylestown
residents. Twenty-two questionnaires were undeliverable and 19
questionnaires were returned but were not valid due to reasons such as the
respondent no longer lived in Doylestown or the questionnaire was returned
blank. Thus, the effective response rate was 48.6%. This response rate
was lower than anticipated and, similar to the Perkasie sample, the
possibility of a non-response bias necessitated contacting a random sample
of non-respondents. A telephone interview of a random sample of non-
respondents indicated that no bias was present. The comparison of the
telephone interview results with the results from the mail  questionnaires
wi l l  be deta i led in  sect ion 4 .9 .

4.8. Descriptive Results of the Doylestown Survey

The Doylestown questionnaire included a question concerning the
source of the water supplied to the respondents household. Of the 732
respondents who answered this question, 676 individuals, or 92.3%,
indicated that their water was supplied by the Doylestown Water Works, 51
did not know the source of their water and 5 answered that they had private
wel ls . These 5 respondents were excluded from further analyses.

A total of 210 respondents, or 28.9%, answered that they were taking
some averting actions related to water use. Further questions were asked
to determine the extent that individual averting behaviors were being
undertaken.
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Table 4.2 Estimated Costs of the Perkasie TCE Contamination Incurred
by Perkasie Sample (December 1987 to September 1989)

Category of Cost Low Estimate ($) High Estimate ($)

1. Increased purchases
of bott led water 3,199.58 3,199.58

2. New Purchases of
bott led water 4,983.32 4,983.32

3. Home water
puri f icat ion systems 1,348.12 1,348.12

4. Hauling water 3,595.62 9,779.16

5. Boiling water 4,492.12 18,429.49

Total 17,618.76 37,739.67
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Table 4.3 Estimated Costs of the Perkasie TCE Contamination Incurred
by Perkasie Population (December 1987 to September 1989)

Category of Cost Low Estimate ($) High Estimate ($)

1. Increased purchases
of bott led water 11,134.54 11,134.54

2. New Purchases of
bott led water 17,341.95 17,341.95

3. Home water
puri f icat ion systems 4,691.46 4,691.46

4. Hauling water 12,512.76 34,031.48

5. Boiling water 15,632.58 64,134.63

Total 61,313.29 131,334.06
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Of the 210 households which were taking averting actions, 167
households, or 79.5%, reported purchases of bottled water. The average
amount of bottled water purchased was 3.075 gallons per week. A total of
65 households, or 31.0%, had purchased a home water purification system.
The average purchase price of the system was $451.29. Only 5 households
indicated they were taking other averting actions, such as boiling water.
Since this frequency is low and specific information was not collected
concerning other averting behaviors, the cost of other averting behaviors
was not calculated.

4.9. Comparison of Doylestown Mail Questionnaire Results with
Telephone Interview Results

A copy of the telephone interview forms used to question non-
respondents of the mail survey is presented in Appendix G. Of the fifty
completed interviews obtained, 49 individuals indicated that their water
was supplied by the Doylestown Water Works. A total of 11 individuals, or
22.4%, answered that their household took some averting actions related to
water use.

The statistical procedure for comparing the mail questionnaire sample
with the telephone interview sample was similar to that ut i l ized for the
Perkasie survey, described in section 4.5. The comparison between the
Doylestown mail questionnaire and telephone interview samples only included
whether or not the respondent’s household took any averting actions related
to water use. The z-value obtained was:

S ince th is  va lue is  not  s ta t is t ica l ly  s ign i f icant ,  the te lephone in terv iew
and mail questionnaire samples are similar with respect to averting
behavior levels and extrapolat ion of the results of the survey to the
Doylestown populat ion is just i f ied.

4.10. Doylestown Sample Averting Expenditures

Averting expenditures for the Doylestown sample were calculated as a
f low of costs. To est imate bott led water expenditures, retai l  grocers in
the Doylestown area were telephoned in December 1989 to obtain an average
cost of bott led water. The resulting average cost was $0.87 per gallon.
Since 167 respondents were purchasing an average of 3.075 gallons per week,
a total of 513.525 gallons per week were being purchased by the sample.
Thus, bottled water costs per week were $446.77. The cost of home water
purification systems was converted to a weekly cost by assuming that the
useful life of such a system is 10 years. Since the average cost of
puri f icat ion systems, including instal lat ion, was $451.29 and 65
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individuals had purchased systems, the weekly cost of purification systems
for the Doylestown sample was $56.41. This figure does not include
maintenance or disposal costs. Thus, the weekly averting expenditures for
the Doylestown sample were estimated at $503.18.

4.11. Doylestown Population Averting Expenditures

The Doylestown population consisted of 2497 households. Since the
sample included 737 of these households, the cost relating to the sample
were extrapolated to the population by multiplying by a factor of 3.39.
Thus, weekly bottled water costs for the entire community were estimated to
be $1,514.55 and weekly purification system costs of $191.23 for a total
weekly cost of $1,705.78. The average weekly cost per household was $0.68.

The Doylestown averting expenditure level is assumed to estimate the
Perkasie averting expenditure level before the TCE contamination. Adding
the assumed averting expenditure level of $0.68 per household per week in
Perkasie before the TCE contamination to the calculated average increase of
$0.25 to $0.54 per household per week, the average averting expenditure
level in Perkasie during the study period ranged from $0.93 to $1.22 per
household per week. In other words, average averting expenditure levels in
Perkasie increased 37 to 79 percent as a result of TCE contamination,
assuming that Doylestown was an appropriate control group. The validity of
this assumption will be further explored in sections 4.12, 4.13.3 and 5.5.

4.12. Comparison of Demographic Variables for Perkasie and
Doylestown Samples

The validity of using Doylestown as a control group to estimate
baseline averting expenditures in Perkasie is dependent upon the
similarities of the two communities with respect to risk and demographic
fac tors .

Table 4.4 presents a summary of mean values for certain variables
included in both surveys. The hypothesis that the difference of the two
means was equal to zero was tested, using t-tests (Bhattacharyya and
Johnson, 1977). The Perkasie and Doylestown means were statistically
d i f fe rent  for  ha l f  o f  the var iab les . For example, Perkasie respondents
were more likely to believe that their water supply would be affected by
problems in the next few years (excluding the TCE contamination). Also,
the Doylestown sample was more educated than the Perkasie sample. Although
Perkasie respondents were less likely to be married, they were more likely
to have children in the household. The Perkasie sample consisted of a
larger proport ion of renters. However, the difference may have been due to
the dif ferent sources used to provided mail ing l ists. The Doylestown
mailing list was comprised of bill-paying water customers. Thus, many
renters were assumed to be excluded from the sample. The Perkasie mailing
l ist included al l  bi l l -paying electr ici ty customers, which was assumed to
include most renters.
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Table 4.4 Comparison of Independent Variables of Doylestown and
Perkasie Samples (Perkasie mean values only include those
respondents who were aware of the TCE contamination)

Variable Doylestown Mean Perkasie Mean t - va lue

2.17 2.10 1.94
2.55 2.57 0.40
2.77 2.74 0.62
0.98 0.88 13.57*
5.54 5.05 5.25*
7.88 7.34 1.81
2.72 2.33 6.37*
3.41 3.39 0.52

51.46 43.53 0.47
4.28 4.32 0.96
0.88 0.81 5.01*
0.07 0.21 5. 00*
0.34 0.52 5.27*

indicates that the two means are stat ist ical ly di f ferent at the
0.05 level of signif icance
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The validity of the Doylestown sample as a control group would be
questioned i f  any of the variables with dif ferent means were signif icant in
the regression results presented in Chapter 5. The possible inf luence that
these differences may have on averting expenditures will be discussed in
sect ion 5.5.

Tables indicat ing the frequencies for variables included in the
Perkasie sample, not presented in the text, are included in Appendix H.
Frequencies for Doylestown variables, not presented in the text, are given
in Appendix I. Note that these frequencies do not include respondents who
indicated that they had a private well because these respondents were not
considered to be in the study population.

4.13. Risk Analysis

r isk  percept ions.  Th is  sect ion wi l l  p resent  the empi r ica l  resu l ts  o f  the
risk analysis for both communities.

Averting behavior decisions have been hypothesized to be influenced by

4.13.1. Risk Perceptions of Perkasie Sample

The Perkasie questionnaire asked individuals who were aware of TCE
contamination to rate the cancer r isk of their water prior to the
contamination. The results of this question are given in Table 4.5. Of
those who answered the question, the average value was 2.1, slightly higher
than “Not a Serious Risk”. Respondents were also asked to rate the cancer
risk associated with the levels of TCE in their water. The responses for
those who were aware of the TCE contamination are given in Table 4.6. The
average response to the question was 2.90, slightly less than “Moderate
Risk”.

The average value of P_RATE, the variable which summed all responses
to the risk matrix, was 30.22 for the 218 respondents who completed the
risk matrix and were aware of the TCE contamination. The average value of
P_CANCER (defined in section 3.6) was a perceived increased risk of
developing cancer due to TCE contamination of 1 in 242,200. The risk,
based on laboratory analyses, associated with the levels of TCE in Perkasie
was a 1 in 100,000 risk increase if the contamination lasted a lifetime (70
years) . The Pennsylvania Department of Environmental Resources (1986) uses
a l inear  sca le  for  ra t ing d i f ferent  r isks . For example, if the
contamination lasted 35 years, the risk would be 1 in 200,000. Assuming
that the TCE contamination was to last for two years, the actual risk
increase would be 1 in 3,500,000 and Perkasie respondents would have
overestimated the actual risk levels associated with the TCE contamination.
However, if respondents perceived a longer contamination period, the
overestimate of the risk would be less significant. Since respondents were
not asked the expected length of the contamination incident, an exact
determination of risk accuracy cannot be made.
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Table 4.5 Qualitative Rating of Cancer Risk of Perkasie Water Prior
to TCE Contamination

Risk Category Frequency Percentage

1. Ins ign i f icant  Risk 74 24.3
2. Not a Serious Risk 131 43.1
3. Moderate Risk 68 22.4
4. Serious Risk 12 3.9
5. Very Serious Risk 5 1.6

Missing Values 14 4.6

Total 304 100.0
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Table 4.6 Qualitative Rating of Cancer Risk of Perkasie Water
Associated With the TCE Contamination

Risk Category Frequency Percentage

1. Ins ign i f icant  Risk 23 7.6
2. Not a Serious Risk 84 27.6
3. Moderate Risk 92 30.3
4. Serious Risk 57 18.8
5. Very Serious Risk 23 7 . 6

Missing Values 25 8.2

Total 304 100.0
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Due to differences among the responses to the risk matrix, a large
confidence interval exists around the mean risk perception of 1/242,200
(0.0000041). The 95% confidence interval around this mean was from
1/1 ,250,000 (0.0000008) to 1/129,870 (0.0000077).

4.13.2. Risk Perceptions of Doylestown Sample

The Doylestown sample was asked their qualitative rating of the
cancer r isk associated with their water. The responses to this question
are given in Table 4.7. The average numerical response to this question
was 2.2, slightly higher than “Not a Serious Risk”.

The variable D_RATE was defined as the sum of all responses given in
the risk matrix as a measure of risk aversion. The average value of D_RATE
was calculated as 30.36.

4.13.3. Comparison of Risk Perceptions for Doylestown and Perkasie

Risk attitudes were compared for the two communities by referring to
two variables, the qualitative baseline risk perceptions of each community
and the risk aversion of the communities as measured by using the proxies
of D_RATE and P_RATE. The qual i tat ive r isk perception of the Perkasie
water before the TCE contamination averaged slightly higher than “Not a
Serious Risk”, or a value of 2.1 on the scale used. The qual i tat ive cancer
risk perception of the Doylestown water averaged 2.2 on the scale. These
values suggested that Perkasie residents perceived the cancer risk of
their water before the contamination similar to how Doylestown residents
perceived the cancer r isk of their water.

The average value of P_RATE was 30.22 with a standard deviation of
6.86. The average value of D_RATE was 30.36 with a standard deviation of
6.27. The hypothesis that the difference of these two means are equal to
zero was tested using a t-test (Bhattacharyya and Johnson, 1977). The
ca lcu la ted t -va lue is  0 .30,  wh ich is  not  s ta t is t ica l ly  s ign i f icant  a t  the
0.05 level. Thus, the similar i ty of these values indicated that the
Doylestown and Perkasie samples responded similarly to the risk matrix.
Both communities appeared to be alike in baseline cancer risk perceptions
of their water and in responses to the r isk matr ix. This f inding further
supports the use of the Doylestown sample as a control group.

4.13.4. Value of a Statistical Life Derived from Perkasie TCE
Contamination Incident

Two inferred values of a stat ist ical l i fe were calculated using the
low and high estimate of averting expenditures for the Perkasie population
due to the TCE contamination. The value of a statistical life was based on
the responses to the risk matrix and qualitative risk rating of the TCE
contamination. Rather than referring to the 1980 census estimate of
Perkasie population (5241 individuals), the population of Perkasie was
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Table 4.7 Qualitative Risk Rating of Cancer Risk Associated with
Doylestown Water

Risk Category Frequency Percentage

1. Insignificant Risk 169 23.1
2. Not a Serious Risk 284 38.8
3. Moderate Risk 203 27.7
4. Serious Risk 20 2.7
5. Very Serious Risk 12 1.6

Missing Values 44 6.0

Total 732 100.0
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estimated using the information obtained from the survey to obtain more
recent results. The average size per household indicated in the survey was
2.854 individuals. Since the Perkasie population consisted of 2760
household, the est imated populat ion was 7877 individuals. Using the
formula presented in section 3.7, the low estimate for the value of
s t a t i s t i c a l  l i f e  w a s :

($61,313.29) (242,200)
= $1,885,245.

(7877)

The high value for the value of a stat ist ical l i fe was:

($131,334.06) (242,200)
= $4,038,226.

(7877)

(5)

(6)

Since the above values are derived from averting expenditure information,
they represent lower-bound est imates of the value of a stat ist ical l i fe
based on the restrictive assumptions of Chapter 2. Also, since a large
confidence interval exists around the mean risk perception (see section
4.13.1), the confidence intervals around the values of stat ist ical l i fe are
correspondingly large. The 95% confidence intervals indicate that the
lower-bound estimate of the value of a statistical life, based on the data
in this study, may range from about $1,000,000 to $20,000,000.

The values of a statistical life presented above are within the range
of values other researchers have obtained (see Table 2.1). The above
va lues represent  the f i rs t  a t tempt  to  in fer  a  va lue o f  a  s ta t is t ica l  l i fe
based on averting expenditures. The fact that these results are similar to
those obtained by other researchers suggests that the averting expenditure
approach to valuing a stat ist ical l i fe is as val id and accurate as other
methods for valuing changes in risk.
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Chapter 5

REGRESSION RESULTS

5.1. In t roduct ion

The previous chapter demonstrated that averting expenditure methods
can be ut i l ized to obtain meaningful empir ical results about the cost of
water contamination. This chapter wi l l  further explore empir ical avert ing
expenditure information to gain insight into the factors inf luencing
avert ing expenditure levels.

An understanding of the factors affecting averting expenditure
decisions is useful since some of these factors may be influenced by
policy makers. For example, inaccurate risk perceptions may be a partial
cause of economical ly ineff icient avert ing expenditure levels, in which the
marginal costs exceed the marginal benefits. Policies could then be
designed to educate individuals to perceive risks more accurately, thus
bringing about more eff icient avert ing expenditure levels. However, i f
avert ing expenditures are signif icantly inf luenced by demographic factors,
such as income or formal education, then the ability of policy makers to
influence averting expenditures could be marginal.

Regression analysis results will be presented for both communities
using the variables and procedures described in Chapter 3. The Doylestown
analysis wi l l  attempt to determine the factors inf luencing basel ine
avert ing expenditures. Perkasie regression results wi l l  attempt to
determine factors influencing averting expenditure changes during a water
contamination incident. The regression results for each community will
then be compared.

5.2. Regression Procedures

The initial step in estimating each regression model was to obtain a
Pearson correlation coefficient matrix including the dependent variable and
al l  independent variables with various specif icat ions. From the matrix,
independent variables with a significant correlation to the dependent
var iab le  (0 .05 leve l  o f  s ign i f icance)  were inc luded in  in i t ia l  regress ion
equations. Thus, a regression model was produced for each specification of
the dependent variable (unadjusted and natural logarithm). An additional
regression was run for each specification which included only those
variables whose parameter estimates were significant at the 0.10 level in
t he  i n i t i a l  r eg ress ion . The results were used to test the hypothesis that
the insignif icant variables, as a whole, did not signif icantly add
explanatory power to the models.

Pindyck and Rubinfeld (1981) define the initial regression model as
the unrestricted model (UR):
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(1)

where k.1 independent variables are being considered to explain the
dependent variable (Y) and c is a random error term. The hypothesis that
some subset of the parameter estimates (/?’s)  are equal to zero can be
tested by means of an F-test. Suppose that the parameter estimates for q
variables are hypothesized to be joint ly equal to zero, the restr icted
model (R) is defined as:

(2)

(3)

where N is the number of observations in the data set. This value will
have an F distribution with q degrees of freedom in the numerator and (N-k)
in the denominator. I f  this value exceeds the cri t ical value of the F
d is t r ibut ion a t  the 0 .05 leve l  o f  s ign i f icance,  the nu l l  hypothes is  that
the last q parameter est imates are joint ly equal to zero is rejected. In
other words, the q variables significantly add explanatory power to the
model and should not be excluded from the model, even though the estimates
of  the i r  ind iv idua l  coef f ic ients  are  not  s ign i f icant ly  d i f fe rent  f rom zero.

The presence of multicollinearity will be examined along with any
possible remedies. Pindyck and Rubinfeld (1981, p.89) indicate that “a
ru le  o f  thumb s ta tes that  mul t ico l l inear i ty  is  l i ke ly  to  be a  prob lem i f
the simple correlat ion between two variables is larger than the correlat ion
of either or both variables with the dependent variable”. Kennedy (1985)
notes that correlat ion coeff ic ients of 0.8 or 0.9 in absolute value
indicate a high correlation between independent variables. Kmenta (1971,
p.390)  s ta tes that  another  cr i te r ion is  that  “mul t ico l l inear i ty  is  regarded
as harmful if at, say the 5% level of significance, the value of the F
sta t is t ic  is  s ign i f icant ly  d i f fe rent  f rom zero but  none o f  the t  s ta t is t ics
for the regression coeff ic ients (other than the regression constant) are”.
Each of these criteria was considered to determine if multicollinearity was
a problem in the regression models.

5.3. Doylestown Regression Results

The dependent variable considered in the first model developed from
the Doylestown data was the estimated yearly household averting
expenditures. The income variable was found to be most significantly
correlated with averting expenditures when specified as a dummy variable
equal to 1 if household income was $50,000 per year or greater and assigned
a value of 0 if household income was below $50,000 per year. The Pearson
correlat ion coeff icients of al l  independent variables related to the
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dependent variable, including signif icant relat ionships, is given is Table
5.1.

Evidence of mult icol l ineari ty appeared in some of the relat ionships of
the independent variables. The cor re la t ion coef f ic ient  o f  the t rus t
variables with each other was 0.707 and both were highly correlated with
the r isk  var iab les . The trust variables were considered to be similar
enough to be combined to form a trust index (TRUST) which was defined as
(TRUSTLOC+TRUSTPA) . Another  ind icat ion o f  mul t ico l l inear i ty  ex is ted
between AGE and CHILD, with a Pearson correlation coefficient of 0.555.
However, no steps were taken as a result of this relationship since the
variables represent dif ferent demographic factors. Al l  other correlat ions
were below 0.40 so multicollinearity was not considered to be a serious
problem in the model. The model specification including all independent
variables that were signif icantly correlated to the dependent variable,
along with parameter estimates, is presented in Table 5.2.

A restricted model was developed which excluded the nine variables
whose parameter estimates were not significant at the 0 10 level. The R2
value for the restricted model was 0.1243. Using the R2 value for the
unrestr icted model (0.1633 from Table 5.2), the appropriate F-stat ist ic to
test the hypothesis that the parameter estimates for the nine independent
variables are joint ly equal to zero is:

(0.1633-0.1243)/9 = 2.32. (4)
(1-0.1633)/(463-15)

Since this value is greater than the cri t ical F value (1.88) with ~
degrees of freedom in the denominator and nine degrees of freedom in the
numerator, the nul l  hypothesis was rejected. Thus, the insignif icant
variables add to the explanatory power of the model and are included in the
resu l t s .

The signs of al l  signif icant relat ionships were in the hypothesized
d i rec t ions. Doylestown residents were likely to have greater averting
expenditures if they were aware of problems with the water, rated the
cancer risk of the water high, had a child under 3 years of age, had an
income of $50,000 per year or higher and anticipated future problems with
the i r  water .

The other specification of the dependent variable for the Doylestown
data set was the natural logarithm of the yearly averting expenditures.
The dependent variable in this case was normalized to a value of 0 for any
respondent who had no averting expenditures by setting averting
expenditures equal to 1 before the logarithmic transformation. The income
variable was again specified as a dummy variable indicating household
income above or below $50,000 per year.

The Pearson correlat ion coeff icients of al l  independent variables
related to the transformed dependent variable are given in Table 5.3. The
correlation matrix among independent variables did not change as a result
of the specif icat ion of the dependent variable so the mult icol l ineari ty
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Table 5.1 Pearson Correlation Coefficients of Independent
Variables to Doylestown Averting Expenditures

Independent Corre la t ion
Variable Coef f ic ient

1. FAMILIAR

2. SERIOUS

3. TRUSTPA

4. TRUSTLOC

5. FUTURE

6. SCHOOL

7. HEALTH

8. JOBRISK

9. INCOME

10. HOME

0.106*

0.102*

-0.118*

-0.134*

-0.216*

0.105*

0.023

0.072

0.122*

0.085*

Independent Corre la t ion
Variable Coef f ic ient

11. INFANT

12. CHILD

13. SMOKE

14. EXERCISE

15. AGE

16. GENDER

17. MARRIED

18. D_RISK

19. D_RATE

20. D_PROB

0.124*

0.073*

-0.011

0. 082*

-0.114*

-0.048

0.018

0.211*

0.115*

0.262*

*
ind icates  a  coef f ic ient  s ign i f icant  a t  the 0 .05 leve l



78

Table 5.2 Regression Results from Doylestown Sample (Dependent
Variable - Estimated Yearly Averting Expenditures)

Number of Observations: 463
F-Value: 6.455 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.1633 Adjusted R-Squared Value: 0.1380

Variable Parameter Estimate T-Value
In tercept -27.989 -0.540
D PROB 42.635 5.240***
D–RISK 10.513 2.531**
INFANT 27.238 2.517**
INCOME 13.995 2.155**
FUTURE -8.411 -1.874*
CHILD -3.580 -0.507
FAMILIAR 5.076 1.196
SERIOUS -2.090 -0.444
TRUST -1.450 -0.599
SCHOOL 2.197 0.677
AGE -0.478 -1.750
HOME 38.678 1.278
D RATE 0.186 0.344
EXERCISE 3.247 1.396

* * *
* * -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .01 leve l

* -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
-  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .10 leve l
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Table  5 .3 Pearson Correlation Coefficients of Independent
Variables to Natural Logarithm of Doylestown Averting
Expenditures

Independent Corre la t ion
Variable Coef f ic ient

Independent Corre la t ion
Variable Coef f ic ient

1. FAMILIAR

2. SERIOUS

3. TRUSTPA

4. TRUSTLOC

5. FUTURE

6. SCHOOL

7. HEALTH

8. JOBRISK

9. INCOME

10. HOME

0.099*

0.125*

-0.179*

-0.168*

-0.231*

0.164*

0.051

0.053

0.118*

0. 074*

11. INFANT

12. CHILD

13. SMOKE

14. EXERCISE

15. AGE

16. GENDER

17. MARRIED

18. D_RISK

19. D_RATE

20. D_PROB

0.110*

0.073

-0.002

0.100*

-0.136*

0.029

0.000

0.241*

0.155*

0.271*

*
ind icates  a  coef f ic ient s i gn i f i can t at the 0.05 level
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adjustments were the same as the previous model. The trust variables were
again added to form the variable, TRUST.

The regression model using those independent variables which were
correlated with the dependent variable at the 0.05 level of signif icance is
presented in Table 5.4. Al l  signs are in the hypothesized direction
(except for AGE and SCHOOL for which no hypothesis was made). The positive
parameter estimate of SCHOOL indicates that individuals who were more
educated tended to have higher averting expenditures. Also, younger
individuals tended to have greater averting expenditures than older
ind iv idua ls .

Another regression was run which excluded the six variables whose
parameter est imates were not stat ist ical ly signif icant at the 0.10 level.
The R2 value for this restricted regression was 0.1606. The appropriate F-
s ta t is t ic  to  tes t  fo r  the nu l l  hypothes is  that  the ins ign i f icant  parameter
estimates of the six excluded variables are joint ly equal to zero is:

(0.1972-0.1606)/6 = 3.41.
(1-0.1972)/(463-14)

(5)

This value is greater than the appropriate F distr ibut ion cri t ical value
(1.88). Thus, the six insignif icant variables are included in the
regression results since they signif icantly add to the model’s explanatory
power.

5.4. Perkasie Regression Results

The f irst regression model ut i l iz ing the Perkasie data set specif ied
the dependent variable as the change in household averting expenditures as
a result of the TCE contamination. As evident from the Pearson correlation
coefficients presented in Table 5.5, only a few independent variables were
signif icantly correlated with the dependent variable at the 0.05 level.
The variable INCOME was not correlated with the dependent variable
regardless of how INCOME was specified so no coefficient is given in Table
5.5. None of the correlat ion coeff ic ients between the signif icant
variables were above 0.40 in absolute value so multicollinearity was not
considered to be a serious problem in the model.

The resulting parameter estimates are presented in Table 5.6. The
signs of the parameter estimates are in the hypothesized directions for
P TCE, CHILD and INFANT. No hypothesis was made concerning the expected
influence of P_OTHER. The positive parameter estimate for P_OTHER
indicates that awareness of water problems other than the TCE contamination
contributed to a higher increase in averting expenditures. This can be
interpreted as an indication that the other problems were not considered a
h e a l t h  r i s k  s u f f i c i e n t  t o  u n d e r t a k e  a v e r t i n g  a c t i o n s  s u c h  t h a t  n o
additional actions were necessary due to the TCE contamination.

Since only one variable (TRUSTLOC) was not statistically significant
in Table 5.6, a joint F-test was not necessary. Since the parameter
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Table 5.4 Regression Results from Doylestown Sample (Dependent
Variable - Natural Logarithm of Estimated Yearly Averting
Expenditures)

Number of Observations: 463
F-Value: 8.125 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.1972 Adjusted R-Squared Value: 0.1730

Variable Parameter Estimate T-Value
In tercept -1.862 -1.290
D PROB 1.067 4.681***
D-RISK 0.390 3.373***
HOME 2.123 2.521**
SCHOOL 0.170 1. 882**
AGE -0.016 -2.071**
INFANT 0.551 1.829*
TRUST -0.113 -1.676*
INCOME 0.201 1.114
CHILD -0.006 -0.032
FAMILIAR 0.090 0.760
SERIOUS -0.016 -0.125
D RATE 0.009 0.615
EXERCISE 0.098 1.512

* * *
* * -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .01 leve l

* -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
-  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .10 leve l
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Tab le  5 .5 Pearson Correlation Coefficients of Independent
Variables to Perkasie Averting Expenditure Increase
Associated with TCE Contamination

Independent Corre la t ion Independent Corre la t ion
Variable Coef f ic ient Variable Coef f ic ient

1. FAMILIAR 0.072 13. SMOKE 0.026

2. SERIOUS 0.067 14. EXERCISE 0.085

3. TRUSTPA -0.089 15. AGE -0.100

4. TRUSTLOC -0.203* 16. GENDER 0.104

5. FUTURE 0.027 17. MARRIED -0.104

6. SCHOOL 0.035 18. P_BEFORE 0.077

7. HEALTH -0.030 19. P_TCE 0.226*

8. JOBRISK 0.011 20. P_RATE 0.111

9. INCOME - - - 21. P_CANCER -0.056

10. HOME -0.045 22. P_INFO 0.051

11. INFANT 0.188* 23. P_OTHER 0.168*

12. CHILD 0.169*

*
-  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
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Table 5.6 Perkasie Regression Results (Dependent Variable -
Estimated Household Averting Expenditures Resulting
from TCE Contamination)

Number of Observations: 261
F-Value: 7.608 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.1272 Adjusted R-Squared Value: 0.1105

Variable Parameter Estimate T-Value
In tercept -5.368 -0.123
P_TCE 22.196 2.915***
INFANT 47.432 2.514**
CHILD 33.901 2.171**
P_OTHER 41.590 2.093**
TRUSTLOC -10.387 -1.020

* * *
* *  -  indicates stat ist ical signif icance at the 0.01 level

- indicates stat ist ical signif icance at the 0.05 level
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estimate of TRUSTLOC was not significant at the 0.05 level, the hypothesis
that the estimate is equal to zero can not be rejected and the inclusion of
TRUSTLOC does not significantly add to the explanatory power of the model.
Regression results excluding TRUSTLOC are presented in Table 5.7.

The other specification of the dependent variable for the Perkasie
data set was the natural logarithm of the change in averting expenditures
associated with the TCE contamination. Similar to the Doylestown analysis,
the dependent variable was normalized to a value of 0. Table 5.8 presents
the Pearson correlat ion coeff icients of independent variables related to
the dependent variable. The income variable was not significantly
correlated with the dependent variable under any specification. Since the
correlations between the independent variables did not change as a result
of the specif icat ion of the dependent variable, mult icol l ineari ty was not
considered to be a serious problem in the model.

The regression model that resulted from the correlation matrix is
presented in Table 5.9. The sign of INFANT is in the predicted
d i rec t ions. The sign of P_INFO suggested that the information respondents
received or obtained concerning the health risks of TCE and the actions
that could be taken to avoid exposure influenced them to take specific
avert ing act ions. Thus, the obtained or received information probably
indicated that the health risks of TCE were large enough to take specific
act ions. The sign of P_BEFORE indicates that averting expenditure
increases were higher among those who rated the cancer risk of the water
higher before the TCE contamination. Also, male respondents indicated a
greater increase in averting expenditures than females.

A restricted regression was run which excluded the nine variables
whose parameter estimates were not statistically significant at the 0.10
level in the unrestr icted regression. The R2 value of the restricted model
was 0.1255. The appropriate F-stat ist ic to test the nul l  hypothesis that
the parameter est imates for al l  nine insignif icant variables are joint ly
equal to zero is:

(0.1629-0.12551/9 = 1.208. (7)
(1-0.1629)/(257-14)

This value is less than the cri t ical F-value (1.88) so the nul l  hypothesis
can not be rejected and the conclusion follows that the nine variables do
not significantly add to model’s explanatory power. The regression results
which included only the variables INFANT, GENDER, P_BEFORE and P_INFO are
presented in Table 5.10.

5.5. Regression Alternatives

Ordinary least-squares is not the only statistical means to analyze
avert ing expenditures. Inspection of the correlat ion matr ices and further
analysis indicated that averting expenditure decisions may be hypothesized
as a two-stage process. In  the f i rs t  s tage,  ind iv idua ls  determine the i r
risk perception of an environmental factor. In the second stage, they
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Table 5.7 Perkasie Regression Results (Dependent Variable -
Estimated Household Averting Expenditures Resulting
from TCE Contamination, Only Significant Variables)

Number of Observations: 266
F-Value: 9.562 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.1257 Adjusted R-Squared Value: 0.1126

Variable Parameter Estimate T-Value
In tercept -43.747 -1.927XX
P_TCE 24.779 3.480***
CHILD 49.711 2.678***
INFANT 36.385 2. 378**
P_OTHER 45.230 2.336**

ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .01 leve l
indicates statistical significance at the 0.05 level
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Table 5.8 Pearson Correlation Coefficients of Independent
Variables to Natural Logarithm of Perkasie Averting
Expenditure Increase Associated with TCE
Contamination

Independent Corre la t ion Independent Corre la t ion
Variable Coef f ic ient Variable Coef f ic ient

1. FAMILIAR

2. SERIOUS

3. TRUSTPA

4. TRUSTLOC

5. FUTURE

6. SCHOOL

7. HEALTH

8. JOBRISK

9. INCOME

10. HOME

11. INFANT

12. CHILD

0. 083*

0. 089*

-0.022

-0.040

0.034

0.102*

0.032

-0.033

- - -

-0.141*

0.236*

0.142*

13. SMOKE

14. EXERCISE

15. AGE

16. GENDER

17. MARRIED

18. P_BEFORE

19. P_TCE

20. P_RATE

21. P_CANCER

22. P_INFO

23. P_OTHER

-0.072*

0.016

-0. 086*

0.079*

-0.104*

0.173*

0.067

0.034

0.002

0.143*

0.142*

ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
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Table 5.9 Perkasie Regression Results (Dependent Variable - Natural
Logarithm of Estimated Household Averting Expenditures
Resulting from TCE Contamination)

Number of Observations: 257
F-Value: 3.846 (Entire Model is signif icant at the 0.01 level)
R-Squared Value: 0.1629 Adjusted R-Squared Value: 0.1205

Variable Parameter Estimate T-Value
Intercept -1.373 -0.956
INFANT 1.129 3.188***
P INFO 0.323 2.812***
P-BEFORE 0.473 2.791***
GENDER 0.537 1.798*
CHILD 0.054 0.173
P_OTHER 0.442 1.220
SERIOUS 0.281 1.431
FAMILIAR -0.067 -0.293
SCHOOL 0.070 0.536
HOME -0.529 -1.105
SMOKE -0.178 -0.463
AGE -0.006 -0.530
MARRIED -0.197 -0.463

- indicates stat ist ical signif icance at the 0.01 level
- indicates stat ist ical signif icance at the 0.10 level
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Table 5.10 Perkasie Regression Results (Dependent Variable - Natural
Logarithm of Estimated Household Averting Expenditures
Resulting from TCE Contamination, Only Significant
Variables)

Number of Observations: 280
F-Value: 10.048 (Entire Model is signif icant at the 0.01 level)
R-Squared Value: 0.1255 Adjusted R-Squared Value: 0.1130

Variable Parameter Estimate T-Value
In tercept -1.140 -1.773*
INFANT 1.313 4.063***
P_ INFO 0.297 2.541***
P_BEFORE 0.454 3.040***
GENDER 0.536 1. 984**

indicates statistical significance at the 0.01 level
indicates statistical significance at the 0.05 level



89

chose to undertake a certain level (if any) of averting behavior based on
th is  r isk  percept ion. If  avert ing expenditure decisions are in fact a two-
stage process, ordinary least-squares may produce results which are biased
and inconsistent (Pindyck and Rubinfeld, 1981). The survey instrument of
this study did not attempt to el ici t  information concerning the
determinants of r isk perceptions. Consequently, the capabil i ty of this
study to def ine a two-stage process was l imited. However, stat ist ical
analysis of this process was attempted using two-stage least squares and is
summarized in Appendix J.

5.6. Comparison of Doylestown and Perkasie Regression Results

The qualitative risk perception of the water proved to have a
signif icant posit ive relat ionship with the avert ing expenditure dependent
variable in all but one of the models. Thus,  qua l i ta t ive  r isk  percept ion
does appear to influence averting decisions.

The presence of children under three years of age in the household
inf luenced avert ing expenditures in al l  models. This f inding can be
interpreted by suggesting that parents may take averting actions because of
concerns about the health of their young children. Also, the awareness of
water problems, in the Doylestown sample, or additional problems, in the
Perkasie sample, posit ively inf luenced avert ing expenditures in al l  but one
of the models presented. Income affected baseline averting expenditures
but not averting expenditure changes in response to a water contamination
inc ident .

The regression results present some indicat ion of the val idi ty of
Doylestown as a control group to estimate Perkasie baseline averting
expenditures. Of the independent variables whose means were statistically
different at the 0.05 level (see Table 4.4), only the variable INFANT
appeared as significant in both Doylestown regression models (see Tables
5.2 and 5.4). Since Perkasie respondents were more likely to have children
under three years of age in the household and INFANT positively influenced
baseline averting expenditures, an inference can be made concerning
baseline averting expenditures in Perkasie. If INFANT was assumed to
positively influence averting expenditures in Perkasie before the TCE
contamination, then, based only on the difference in INFANT, Perkasie
would have a greater baseline averting expenditure level than Doylestown.
However, the magnitude of this effect would be less than five percent. In
other words, the data suggests that Perkasie baseline averting expenditures
were no more than five percent greater than those in Doylestown due to the
difference in the INFANT variable.

The mean value of FUTURE was statistically different in the two
samples and appeared as significant in the Doylestown regression result
with the dependent variable as estimated yearly averting expenditures (see
Table 5.2). However, expectations of future water quality problems among
the Perkasie sample may have been influenced by the TCE contamination. The
difference in the mean value of FUTURE may have been due to the TCE
contamination and not different attitudes of the samples. Also, the mean
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value of HOME was statistically different in the samples and appeared as
significant in the Doylestown regression results with the dependent
variable as the natural logarithm of estimated yearly expenditures (see
Table 5.4). As stated previously, the difference in the mean value of HOME
may have been due to the different sources which provided mailing lists
instead of di f ferences in the proport ion of renters in the two
communities. Thus, the significance of FUTURE and HOME in the Doylestown
regression results do not seem to signif icantly threaten the val idi ty of
Doylestown as a control group.

The stat ist ical signif icance of the r isk perception variables
indicated that risk perception changes brought about by policies could
affect avert ing expenditures. The pol icy implicat ions of the regression
results are presented in the next chapter.



91

Chapter 6

CONCLUSIONS AND POLICY IMPLICATIONS

6.1. In t roduct ion

This research has theoretical ly and empir ical ly explored the
applicability of the averting behavior method towards valuing household
water  qual i ty . This chapter wi l l  summarize major f indings, identi fy
l imitat ions of the study and discuss pol icy implicat ions. The results are
discussed in terms of progress towards reaching the six objectives outlined
in Chapter 1. Finally, suggestions for future research in the economic
valuation of environmental improvements will be made.

6 .2 . Summary of Conclusions

The first objective was to analyze the existing controversy about the
theoretical ly correct interpretat ion of avert ing expenditures. The models
developed in this study have indicated that averting expenditures can be
theoretically related to WTP for marginal and non-marginal changes in
environmental qual i ty. Under specific assumptions, the change in averting
expenditures associated with a change in environmental quality provides a
lower-bound estimate of the true cost, or benefit, of the environmental
change. The diagrammatic analysis representing non-marginal changes,
presented in Chapter 2, concluded that some determination can be made
regarding the accuracy of the change in defensive expenditures in
estimating theoretical measures of WTP. A relatively large change in
defensive expenditures associated with a change in environmental quality,
measured by such methods as budget share or per household expenditures, is
a more accurate estimate of compensating variation and equivalent variation
expenditures than a relatively small change in defensive expenditures.
Since most water contamination incidents involving public notification may
be considered non-marginal changes in water quality, the AB method appears
to be a theoretically appropriate technique to measure the costs of water
contamination incidents.

The second objective was to review relevant literature on
environmental valuation methods to develop the foundations of the AB
method and compare it with other methods. Each of the most commonly used
methods; cost-of-illness, contingent valuation and averting behavior, was
found to have strengths and weaknesses such that a “correct” method for any
s i tuat ion is  not  ava i lab le . The strengths of the AB method include direct
derivation of estimates based on actual behavior as opposed to hypothetical
behavior, the ability to relate AB measures to WTP, and a strong foundation
in the household production function of consumer theory. The weaknesses of
the AB method include interpretat ion dif f icult ies i f  certain assumptions
are not satisf ied and normally requir ing the col lect ion of primary data.
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Data on the averting expenditures of households in two communities,
Doylestown and Perkasie, Pennsylvania, was collected to accomplish the
third object ive of empir ical ly est imating the costs of a water
contamination incident. Mai l  quest ionnai res were u t i l i zed to  e l ic i t
information from households. Doylestown was utilized as a control group to
estimate basel ine (prior to water contamination) avert ing expenditures for
Perkasie. Averting expenditures caused by a TCE contamination in Perkasie
were estimated from information collected in the questionnaire. The
magnitude of averting expenditures caused by the contamination incident was
found to be quite high relat ive to basel ine avert ing expenditures.
Specifically, averting expenditures in Perkasie increased by at least 37%
during the TCE contamination.

The fourth objective was to develop an alternate method of risk
e l i c i t a t i o n . Based on experience from a pilot project conducted prior to
th is  s tudy,  a “risk matrix” approach was developed and implemented in the
mail  questionnaires. These surveys represent the f i rst attempt to col lect
empirical data using this approach. About three-fourths of survey
respondents completed the risk matrix. Cons ider ing the d i f f icu l ty  o f
el ici t ing r isk perceptions, this proport ion of responses does not appear to
be excessively low. Also, since the r isk matr ix was successful ly ut i l ized
to calculate values of a stat ist ical l i fe, the ref inement and further use
of the r isk matr ix approach could yield acceptable results in future r isk
studies.

The fifth objective focused on explaining relationships between
avert ing expenditure levels, r isk perception and other factors. The
regression results in Chapter 5 demonstrated that qual i tat ive r isk
perception is an important determinant of avert ing decisions. Other
factors that influenced averting expenditures included the presence of
young children in a household, awareness of water quality problems and
expectat ions of future water qual i ty.

The last object ive was to calculate the value of a stat ist ical l i fe
from risk perceptions and averting expenditures associated with a water
contamination incident. This was accomplished in Chapter 4 using
information related to the Perkasie TCE contamination. Although the values
obtained had rather large confidence intervals, they were within the ranges
other researchers have calculated. The va lues o f  a  s ta t is t ica l  l i fe
presented in this research, approximately $2 to $4 million, represent the
first values based on household averting expenditures.

6.3. Research Limitations

The theoret ical and empir ical results presented in this study
l imited by several factors. F i rs t ,  the va l id i ty  o f  us ing aver t ing

may be

expenditure changes to provide a lower-bound estimate of the compensating
and equivalent valuations of an environmental change is based on
assumptions which may sometimes be violated. All Perkasie averting
expenditure estimates presented in Chapter 4 were considered to be a direct
result of TCE contamination. However, other reasons may have influenced
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some purchases. For example, individuals may have regarded bottled water
as tasting better than tap water. I f  this were true, only a part of the
cost of bottled water should have been considered a direct result of the
contamination.

Another potential  l imitat ion is that avert ing expenditure measures
provide only a lower-bound estimate of the true cost of environmental
changes. Research has not determined with precision the accuracy of
avert ing expenditures in est imating true costs. While this research has
indicated that some determination can be made concerning the accuracy of
the AB approach in estimating true costs, no standard exists for relative
determination of this accuracy. This l imitat ion leads to the suggestion
that future research may be able to determine the accuracy of the AB
approach in estimating true costs of environmental contamination.

The assumption that Doylestown was an appropriate control group used
to estimate baseline averting expenditures in Perkasie before the TCE
contamination appeared correct except for the difference in the presence of
young children among the two communities. However, due to the relatively
low explanatory power of the regression models presented in Chapter 5, the
presence of young children in the household did not appear to have a large
inf luence on basel ine avert ing expenditures. Thus, the loss of val idi ty
that this difference may have on the use of Doylestown as a control group
did not appear to be signif icant.

While the risk matrix approach was successful for determining risk
perceptions and for calculat ing the value of a stat ist ical l i fe associated
with the Perkasie TCE contamination, this study represents the first
attempt to empirically employ this approach. The responses to the risk
matrix may have been influenced by biases, such as the strategic bias of
overstat ing r isk perceptions to inf luence the results of the questionnaire.

Another limitation is the low explanatory power of the regression
models presented in Chapter 5. While the models did indicate that risk
perception influences averting expenditures, the R-squared values
demonstrated that much of the variance in averting expenditures was not
explained by the models.

6.4. Policy Implications

The research findings have at least three major implications for
publ ic  po l icy . First, the lower bound measures of the economic value of
water quality changes obtained via averting expenditures analysis are of
suff icient empir ical importance that they should be considered in federal,
state and local decision-making. This study revealed that the costs of
averting expenditures in specific water contamination incidents can
increase s ign i f icant ly . Averting expenditures increased an average of 58
percent per household (about 39.5 cents per week) in a community after
public notification of TCE contamination. These estimates also have
considerable theoret ical support. Under certain assumptions, averting
expenditures provide the lower-bound estimate of the true costs of marginal
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and non-marginal environmental changes. The method’s assumptions appear to
be general ly val id to the situation of drinking water contamination.
Thus, averting expenditures should be included in cost-benefit analyses of
publ ic pol icies where avert ing act ions are an option for affected
ind iv idua ls . Examples of such pol icy decisions include: sett ing of
federal Maximum Contaminant Levels (MCLs) for drinking water, establishing
state water qual i ty pol icies and water qual i ty standards, and local
decision-making to protect or remediate the quality of water supplies.
Failure to consider averting expenditures in water resources decision-
mak ing  i s  l i ke l y  t o  resu l t  i n  i ne f f i c i en t  po l i c i es . For example, the costs
of water contamination incidents would be understated if averting
expenditures were excluded. Understating the costs associated with water
contamination would lead to policies which set allowable levels of water
contamination too high.

Second, the study shows that averting actions vary significantly with
dif ferences in people’s perception of the severi ty of the r isk.
Furthermore, there is evidence that dif ferences in r isk perception, though
difficult to explain with the variables considered, can be due to some
individuals misunderstanding the facts about the risk posed by a
contaminant in their water. Another factor influencing risk perception may
be the difference in the way people evaluate different numerical risks;
what is rated as a minor risk by some is considered very serious by others.
Different policy actions are implied by each of these two sources of
dif ferences in r isk perceptions. Errors in understanding the nature of the
risk from particular contaminants imply a program of information designed
so the facts are readily understood by people who are not scientifically
t ra ined. Likewise, the audience for these programs may include a
significant number of individuals who are not likely to take a great deal
of time to study the issue. The challenge is to devise public educational
programs that are factually correct, easy to understand and credible.

The differences in the way people value a given risk imply a
d i f ferent  k ind o f  po l icy  cho ice. While there may be some appropriate ways
to  he lp  ind iv idua ls  dec ide i f  a  r isk  is “ser ious”  or  not ,  the d ivers i ty  o f
human preferences, including the preference for avoiding risks, suggests
large dif ferences wil l  st i l l  persist in the way individuals regard a given,
well-understood r isk. In the case of water qual i ty protect ion, this
implies that publ ic programs to control the level of r isk from
contamination may need to have alternatives available for those with
d i f fe rent  r isk  percept ions. For example, a program of periodic testing and
treatment to keep carcinogen concentrations below levels that project an
increase in cancer risk of one in a million from a lifetime exposure may be
deemed appropriate by a large portion of the population. For those who
believe this is inadequate protection, the water supply agency could help
them further reduce the risks using a voluntary group plan for low cost
purchase and regular maintenance of home water treatment systems. This
feature would provide added protection for those who prefer it, but at a
cost which is lower than they would otherwise have to pay. Policies that
promote choice among alternative levels of protection from risk may be
essential to accommodate persistent differences in risk perceptions and
evaluations.
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The third pol icy implicat ion concerns individuals’ awareness of
specif ic water contamination incidents. Only 43% of Perkasie respondents
real ized that TCE was present in their water. This f igure is less than
half the level of awareness found by Abdalla (1989), where 96% of the
respondents in a community were aware of a water contamination incident.
Notification of water customers was required for both water contamination
inc idents . This suggests a lack of consistency and effectiveness in
present not i f icat ion procedures. Two factors appeared to contribute to
this difference in awareness; the method of public notification and media
coverage. Perkasie residents were notified of TCE contamination via a
newsletter which was included with their regular water bi l l .  Residents of
the community in the pi lot study were noti f ied of contamination via a
letter specif ical ly informing them of the contamination. Individuals may
be less l ikely to read a newsletter included with their water bi l l  than a
separate  le t ter . A more uniform procedure for notification could make
individuals more aware of water contamination problems. Also, evidence
suggested that the contamination episode of the pilot study received
considerably more media coverage than the Perkasie incident. Awareness of
water contamination incidents may increase if the water supply agency was
required to notify
mail ings.

The regression
may not be equally
drinking water.

i ts customers through local newspapers as wel l  as via

resu l ts  in  Chapter  5  ind icate  that  households
concerned with health risks posed by contaminants in
Notification procedures may be intensified towards those

groups which appear to be more concerned with water quality. For example,
households with young children tend to spend more on averting activities
related to water use. Notification programs targeted at parents of young
children could be developed, such as through child care centers or
ped ia t r i c i ans ’  o f f i ces .

6.5. Suggestions for Future Research

This study has demonstrated that the averting behavior method is
useful in valuing changes in environmental qual i ty. Theoretical support
indicates the ex ante costs of future water contamination incidents can be
studied using the AB. Also, predictions can be made concerning the effects
that certain policies may have on averting expenditure levels.

There are some avenues of research opened by this study that warrant
further work. One such area is the attempt to relate quantitative
statements of r isk to individuals’  qual i tat ive judgments of the seriousness
of  the r isk . The risk matrix approach developed in this study elicited
consistent responses from most of the respondents and the results were used
to  ca lcu la te  va lues o f  a  s ta t is t ica l  l i fe . The wide range in the numerical
risks that people associated with each qualitative judgement of the
seriousness of the risk contributed to a large confidence interval around
these values of a stat ist ical l i fe which makes the results less helpful
than was expected. One possible explanation is that the samples (and the
total populat ions) included several groups of people with dif ferent
att i tudes towards cancer r isks. There may be some that consider any risk,
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no matter how small, to be “serious” and worth a large expenditure to
avoid. There may be others who dismiss all of the risks as “not serious”
or “insignificant” and not worth bothering about. Between these extremes,
several other groups may be delineated based on different aspects of their
att i tudes towards r isk. There is evidence in the present risk matrix study
that there are some people who hold the extreme views listed above.
Further analysis and a more detai led inquiry into this aspect of r isk
preference would be necessary to determine if other groups could be
iden t i f i ed .

Another avenue of research is to relate the averting behavior
approach to other methods of valuation, such as hedonic pricing or
contingent valuation. Since averting expenditures are a lower-bound to the
value people place on avoiding risk, there may be policy choices where an
estimate of the additional value is needed. In certain si tuat ions, such as
the contamination of a groundwater source, the averting behavior approach
may be combined with another method, such as contingent valuation, to
obtain an est imate closer to the true wil l ingness to pay to avoid the r isk.
For example, averting expenditure techniques could be used to determine the
level of actual expenditure made by each respondent. Then, a contingent
valuation question could be asked to determine the willingness to pay for
avoiding the r isk.

This study has indicated that the accuracy of averting expenditure
changes in estimating willingness-to-pay depends on the relative magnitude
of averting expenditure changes. A “large” change in averting expenditures
is a more accurate estimate of WTP than a “small” change. However, no
information is avai lable on what consti tutes a “ large” or “small”  change in
avert ing expenditures. Future studies could measure relative budget shares
of averting expenditure changes to determining the accuracy of the AB
method.

The low explanatory power of the regression results indicate that more
information about the determinants of averting expenditures needs to be
co l lec ted. Also, the role of r isk perception is not ful ly understood.
Survey instruments could be designed to better determine the factors
af fec t ing r isk  percept ion. This information could be used to develop a
more useful two-stage model of averting expenditures than that presented in
Appendix J.

Hopeful ly, the information presented in this study wil l  provide the
impetus for future studies in valuing environmental qual i ty. A better
theoretical and empirical understanding of the applicable methods to
economically value changes in environmental quality can lead to policies
which are more efficient and effective in improving environmental quality.
The benefits of more intelligent and responsible environmental policies are
not only l ikely to be immediately apparent, but continue far into the
fu tu re .
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Household Activity and Water Quality Survey

Question - Health Risks of P.C.E. in Water

I n  t h e  q u e s t i o n n a i r e  y o u  r e t u r n e d  t o  u s ,  y o u  r a t e d  t h e  h e a l t h  r i s k  f r o m
Perchloroethylene (PCE) in the water supplied to your home by the Lemont Water
Company from July 1987 to December 1987 as *** The possible answers were:
1.  Ins ign i f icant  r isk ,  2 .  Very low r isk .  3 .  Low r isk ,  4 .  Moderate r isk ,  5 .  High
risk. 6. Very high risk.

Would you help us further by answering the question below?

The chart below shows the additional risk of getting cancer during a person’s
lifetime if they undertake certain activities for one year. Numbers on the left
side represent the number of additional cancer deaths over a lifetime. Activities
on the r ight  s ide have been found to be associated wi th cancer at  the levels
indicated. For example, eating 4 tablespoons of peanut butter a day for a year will
cause 50 extra cancer deaths per million people who undertake this activity.

In terms of the information, how would you rate the health risks associated with the
levels of PCE in your water from July 1987 to December 1987? Please indicate your
choice, marking

LIFETIME CANCER

the chart below with a horizontal line.

DEATHS

100 per mill ion

50 per mill ion

1 per mill ion

ACTIVITY OVER 1 YEAR

- Smoke 1 cigarette per day

- drink one bottle of wine per day

-eat 4 tablespoons of peanut butter per day

- drink 1 bottle of beer per day

Thank you!

Please fold and return in the self-addressed, stamped envelope enclosed.

indicated qual i tat ive r isk perception from
initial survey
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Copy of Letter Notifying Perkasie

Residents About the Presence of TCE

in the Water



107

Perkasie Borough Authority
306 N Fifth Street P.O. Box 159

Perkasie, PA 18944
(215) 257-3654

January, 1989

TO: Perkasie Borough Authority Customers

In November, 1988 the Authority acquired the property
formerly owned by the J. Melvin Freed Glass Company at 306 North
5th Street, Perkasie. Beginning January 30, 1985 all Authority
business will be conducted from this location.

For the past three years the Authority has had an urgent
need for additional space, both office and garage. Various
options were explored to expand at our 7th Street location or to
look elsewhere for suitable quarters. When the Freed property
became available, it was quickly recognized that with only minor
renovations, it would be ideally suited to our use. It provides
us with the space so sorely needed immediately, as well as the
flexibility to expand in the future as our needs increase.

Beginning January 30, 1989, all office personnel will be
moved to the new location. The balance of the Authority
operations will follow shortly. Effective immediately all mail
should be addressed to:

P.O. Box 159, Perkasie, PA 18944

The telephone number is unchanged: 257-3654

All customers were previously advised of the TCE
contamination encountered in one of the Authority wells in South
Perkasie. This well continues to be monitored on a weekly basis
with the concentrations still remaining above the maximum
contaminant level established by the United States Environmental
Protection Agency. However, the concentrations in our well are
only considered to be harmful if consumed in large quantities
over an extended period of time. Pennsylvania Department of
Environmental Resources publications state that 2 liters of
water (slightly more than 2 quarts) consumed daily for 70 years
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would result in 1 out of 100,000 people developing some form of
cancer.

In order for us to meet our water demand, and still comply
with withdrawal limitations imposed by regulatory agencies, it
is necessary for us to continue use of this well until our new
well on East Walnut Street is in operation. We expect that will
be within a few months. At that time the use of the TCE well
will be reduced or discontinued to bring our water quality into
conformance with existing regulations. The source of
contamination, at least in part, has been identified by the PA
Department of Environmental Resources. Efforts are being made
to remove the TCE from the groundwater but it is a condition
that cannot be quickly or easily corrected.

If anyone is apprehensive about drinking the water, 90% of
the TCE can be removed by bringing the water to a rolling boil
for two minutes in a well ventilated room. While the risk
factor in consuming the water is minimal the Authority will be
reducing withdrawals from the well as soon as possible.

At this time of the year, when water seems to be plentiful,
people are rarely concerned with conservation measures. We all
have a tendency not to worry about water until the well runs
dry. This is a fallacy that should be corrected at all costs.
Water conservation measures are just as important during the
winter months as they are in the summer, perhaps more so. What
is saved in the winter will be available during the summer
months when supplies normally dwindle. Following are a few
hints on conserving water use indoors:

1. Check all faucets in your home. Repair or replace any
that are leaking.

2. Toilets are the most notorious of water wasters.
Check your toilet for the obvious visible leaks, but
more importantly, for the silent leaks that can waste
hundreds of gallons a day. Put a few drops of food
color in the toilet tank. If, after 15 or 20 minutes
the color shows up in the bowl, YOU have a leak that
should be repaired immediately.

3. Do not leave the faucet run while shaving, washing,
rinsing vegetables, etc. A single sinkfull of water
for these purposes can save gallons of water.

4. Install water saving showerheads and conservation
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Appendix C

Copy of Questionnaire Sent to

Doylestown Sample
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Department of Agricultural Economics Weaver Budding

and Rural Sociology The Pennsylvania State University

College of Agriculture University Park. PA 16802

Dear Doylestown Resident,

Citizens across Pennsylvania are becoming increasingly concerned about the
qual i ty  o f  the i r  dr ink ing water  suppl ies . Recent testing by the Pennsylvania
Department of Environmental Resources has shown that many water supplies are not
as pure as once believed. As a result, many communities are developing strategies
fo r  p ro tec t i ng  t he i r  wa te r  supp l i es . In  th is  survey,  we are a t tempt ing to
identi fy personal att i tudes towards the qual i ty of drinking water. The survey
results can be helpful to community leaders as they manage and protect their
water resources.

In order to better understand household reactions to water quality, we will
need your help. Enclosed with this letter you will find a questionnaire that we
would like you to complete. The focus of the questionnaire is on any activities
you or your family take dealing with water use. The person most familiar with
the dai ly act ivi t ies that occur in your home (e.g.,  shopping, bi l l -paying, etc.)
should answer the survey questions. Please complete the questionnaire and return
it in the self-addressed stamped envelope.

Your answers to the questions wi l l  remain completely confidential .  This
project is being conducted by Penn State University and reports will only include
statistical summaries of all responses. Your name and address were randomly drawn
from a list of Doylestown residents that is available as public information and
your  responses to  th is  s tudy wi l l  not  be ava i lab le  to  o thers .

Of course, your part icipation in the survey is up to you. However, your
part icipat ion is cr i t ical i f  the study’s results are to be of use to us and to
the citizens and community leaders of Pennsylvania. The study’s conclusions will
be shared with state and local organizations and government agencies involved
with water resources management. If  you would l ike a summary of the survey
results, please write your name and address on the back of the return envelope.

If you have any questions about any aspect of the survey, please call me
collect at (814) 865-2561.

Thank you very much.

Sincerely,

Charles W. Abdalla, Ph.D.
Assistant Professor of
Agricultural Economics

An Equal Opportunity University
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WATER QUALITY AND
HOUSEHOLD ACTIVITY

SURVEY

DEPARTMENT OF AGRICULTURAL ECONOMICS

AND RURAL SOCIOLOGY

2 WEAVER BUILDING

PENNSTATE



1 1 2

This survey is part of a research project studying household views on water
quality. Your responses will help us reach a better understanding of public
opinion on the purity of water supplies. This study can help decision~makers to
better manage our water resources. Your answers will remain completely
conf ident ia l .

A.

1.

2.

B.

3.

4.

CHEMICALS IN THE ENVIRONMENT. We would like to begin by asking
you a few questions l bout chemicals in our environment.

How would you rate your familiarity with chemical substances? (Please
circle the number next to your answer.)

1

2

3

4

Not fami l iar  at  a l l

Somewhat familiar

f am i l i a r

Very familiar

In your opinion, how serious a problem are toxic chemicals
environment (i.e., air, water or soil) within our society?
number next to your answer. )

1 Not serious

2 Somewhat serious

3 Ser ious

4 Very serious

5 Don't know

in the
(Circle the

WATER QUALITY. Next we have a set of questions concerning your views
on your water supply and your household activities related to water use.

What is the source of the water supplied to your household? (Circle
the number of your answer. )

1

2

3

4

Doylestown Water Works

Private well

Don't know

O t h e r :

Are you aware of any problem(s) with your water supply?

1 Yes (60 ON TO QUESTION 5)

2 N o - - - - - - - - - - - - - - - - - - - - - - - -



5. Please describe any problem(s) that you are aware of with your water
Supply .

6. Water supplies normally contain mall quantit ies of certain chemicals
Which can cause cancer. How would you rate the cancer risk of drinking
your water? (Circle the number of your answer. )

1  I n s i g n i f i c a n t  r i s k

2 Not a serious risk

3 Moderate risk

4 Ser ious r isk

5 Very serious risk

7. Is anyone in your household taking any measures to avoid using the tap
water supplied to your home? (Circle the number of your answer. )

1 Yes (GO ON TO QUESTION 8)

2 NO

8. Is anyone in your household purchasing bottled water? (Circle the number
of your answer. )

1 Yes (GO ON TO QUESTION 9)

2 No - - - - - - - - - - - - - - - - - - - - - - - - - - >

9. How many gallons of bottled water
week?

gallons per week

10. Does your household have any type
(Circle the number of your answer.)

1 Yes (GO ON TO QUESTION 11)

does your household use in an average

of home water purification system?

2 No 

11. How such money was
water  pur i f icat ion

dol lars

spent for the
system?

purchase and installation of your home

113
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12. Please describe any other measures individuals in your household take to
avoid using the tap water supplied to your home.

13. In your opinion, how much can you trust local officials to provide you
with the facts about the quality of your water supply? (Circle the number
of your answer.)

1 You cannot trust them at all

2 You cannot trust them very much

3 You can trust them somewhat

4 You can trust them a lot

14. In your opinion. how much can you trust state officials to provide you
with the facts abut the quality of your water supply? (Circle the number
of your answer.)

1 You cannot trust them at all

2 You cannot trust them very much

3 You can trust them somewhat

4 You can trust them a lot

15. What do you think is the chance that your water supply will be affected by
any problem in the next few years? (Circle the number of your answer.)

1 Very high chance

2 High chance

3 Moderate chance

4 Low chance

5 Very low chance
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C.

16.

17.

D.

18.

19.

20.

21.

RESIDENCE. Next are a few questions about your residence.

Do you own or rent the place in which you live? (Circle the number
of your answer.)

1 Own (or buying)

2 Rent

3 Other :

How long have you lived in your current home?

years

FAMILY INFORMATION.  We would like to ask a few questions about you
and your family.

In what year were you born?

What is your sex? (Circle then number of your answer.)

1 Male

2 Female

On each of the lines below, please put the number of people in each age
group who currently live in your household. Include yourself in the
count. (If none for any category, write "0".)

Under 3 years old

3 - 5  y e a r s  o l d

6- 17 years  old

18 -24  yea rs  o l d

25 -44  yea rs  o l d

5 - 6 4  y e a r s  o l d

Over 64 years old

How far did you go In school? (Circle the number of your answer.)

1

2

3

4

5

6

7

Never attended school

Grade school

Some high school

Completed high school or equivalent

Some college or vocational school

Completed college

Graduate or professions school (e.g. masters, Ph.D., law,
medicine.)
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22.

E.

23.

24.

25.

26.

27.

What is your marital status? (Circle the number of your answer.)

1 Marr ied

2 Not married

HEALTH. Next we would to ask a few questions concerning your
health and possible health risks.

How would you rate your health at the present time? (Circle the number of
your answer.)

1 Very poor

2  Poo r

3  F a i r

4 Good

5 Very Good

Do you get routine medical exams even though you are feeling well?
(Circle the number of your answer.)

1

2

Do you currently smoke cigarettes? (Circle the number of your answer.)

1

2

On

Yes

No

Yes (GO ON TO

No

average, how many cigarettes a day do you smoke?

cigaret tes

QUESTION 26)

How many times per week do you normally exercise? (Circle the number of
your answer.)

1

2

3

4

5

Not at  a l l

Once

Twice

Three to four times

Five or more tires
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28 W e are all exposed to a certain level of health risk from the environment
around us, such as pollutants In the air we breathe. Sane of the chemicals
in the environment Increase our risk of developing different types of
cancer.

Suppose you were faced with the increased risks of developing cancer by
the amounts listed below on the left. How serious of a health risk would
you consider each of these increases in your risk of developing cancer?
(Please circle a number on the right, one through five, following each
increase in risk given in the left column.)

Seriousness of health risk
Increase in Very Not Ins ig-
the Risk of Serious Serious Moderate Serious n i f i c a n t
Developing Cancer (5) (4) (3) (2) (1)

1 in a b i l l ion

1 in 100 million

1 in 10 million

1 in a million

1 in 100,000

1 in 10.000

1 in 1.000

1 in 100

1 in 10

5

5

5

5

5

5

5

5

5

4

4

4

4

4

4

4

4

4

3

3

3

3

3

3

3

3

3

2

2

2

2

2

2

2

2

2

1

1

1

1

1

1

1

1

1

F. EMPLOYMENT. Lastly, we have a few questions about your current job.

29. At the present time. how would you describe employment status?
(Circle the number of your answer.)

1 Employed full-time

2 Employed part-time

3 Not employed
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30. Of the those categories below, which one (or, if necessary, two) best
describes your current situation? (Check the appropriate answers.)

Employed by another

Self-employed

Homemaker

Student

Retired

Disabled

Unemployed, looking for work

Unemployed, not looking for work

31. If you are employed, what level of risk In the form of injury or adverse
health effects do you feel you are exposed to while performing the duties
of your job? (Circle the number of your answer.)

1  I n s i g n i f i c a n t  r i s k

2 Not  ser ious r isk

3 Moderate risk

4 Ser ious r isk

5 Very serious risk

32. What was the approximate total income of your household before taxes last
year (1986)? (Please check the appropriate answer. )

Under $5,000

$5,000 to  $7,499

$7,500 to  $9,999

$10,000 to $14,999

$15,000 to $19,999

$20,000 to $24,999

$25,000 to $34,999

$35,000 to $49,999

$50,000 to $74,999

$75,000 or more
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33. If we have not covered something that you feel is important, please use
this space for your comments.

THANK YOU FOR TAKING THE TIME TO CONTRIBUTE TO THIS STUDY!

Please return the questionnaire in the enclosed stamped envelope
If you would like a summary of the study’s findings, please
write your name and address on the back of the return envelope.

Water Quality and Household Activity Survey
2 Weaver Building
Penn State University
University Park, PA 16002
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Perkasie Sample



121

WATER QUALITY AND
HOUSEHOLD ACTIVITY

SURVEY

DEPARTMENT OF AGRICULTURAL ECONOMICS
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2 WEAVER BUILDING

PENNSTATE
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This survey is part of a research project studying household views on water
quality. Your responses will help us reach a better understanding of reactions
to water quality problems. This study can help decision-makers to better manage
our water resources. Your answers will remain completely confidential.

A.

1.

2.

B.

3.

4.

5.

CHEMICALS IN THE ENVIRONMENT. We would like to begin by asking
you a few questions about chemicals in our environment.

How would you rate your familiarity with chemical substances?
(Please circle the number next to your answer.)

1  No t  f am i l i a r  a t  a l l

2 Somewhat familiar

3  Fam i l i a r

4  Ve ry  f am i l i a r

In your opinion, how serious a problem are toxic chemicals in the
environment (i.e., air, water or soil) within our society?
(Circle the number of your answer.)

1 Not serious

2 Somewhat serious

3 Ser ious

4 Very serious

5 Don’t know

WATER QUALITY. The next questions concern the quality of your water
supply and your household activities related to water use.

What is the source of the water supplied to your household? (Circle
the number of your answer.)

1 Perkasie Borough Water Authority (GO ON TO QUESTION 4)

2 Don't know (GO ON TO QUESTION 4)

3  P r i va te  we l l

In early 1983 the Pennsylvania Department of Environmental Resources
(DER) found a chemical called trichloroethylene (TCE) in the water supply
of the Perkasie Borough Water Authority. Prior to receiving this survey,
were you aware of the finding of TCE in your water? (Circle the number of
your answer.)

1 Yes (GO ON TO QUESTION 5)

2 No

When did you first find out about the presence of TCE in your water supply?

Month Year
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6. Prior to the announcement of TCE in your water supply, were you aware of
any other problems(s) with your water supply? (Circle the number of your
answer. )

1 Yes (GO ON TO QUESTION 7)

2 N o

7. Please briefly describe the problem(s) that you were aware of before the
announcement of TCE in your water supply.

8. Water supplies normally contain small quantities of certain chemicals
which can cause cancer, How would you rate the cancer risks of drinking
your water before the presence of TCE in the water supply? (Circle the
number of your answer.)

1  I n s i g n i f i c a n t  r i s k

2 Not a serious risk

3 Moderate risk

4 Ser ious r isk

5 Very serious risk

9. Overall, how much information have you received or obtained about the
health risks of drinking or being exposed to water containing TCE?
(Circle the number of your answer.)

1 None

2  V e r y  l i t t l e

3 A fair amount

4 A lot

10. Overall. how much information have you received or obtained about the
act ions that could be taken by your household to reduce or avoid exposure
to TCE? (Circle the number of your answer.)

1 None

2  V e r y  l i t t l e

3 A fair amount

4 A lot
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11.

12.

13.

14.

15.

16.

Now much time did you and other members of your household spend locating
information about the health risks of TCE or the actions that you could
take to avoid exposure to TCE? (Circle the number of your answer.)

1 none

2 1 to 3 hours

3 4 to 6 hours

4 7 to 10 hours

5 11 to 15 hours

6 more than 15 hours

How much money did you and other members of your household spend locating
information about the health risks of TCE or the actions that could be
taken to avoid exposure to TCE? (Circle the number of your answer.)

1 none

2 1 to 10 dollars

3 11 to 20 dollars

4 21 to 50 dollars

5 51 to 100 dollars

6 more than 100 dollars

Prior to the announcement of TCE in your water supply, was
household taking any measures to avoid using the tap water
your home? (Circle the number of your answer.)

anyone in your
supplied to

1 Yes (GO ON TO QUESTION 14)

2 No

anyone in yourPrior to the announcement of TCE in your water supply, did
household purchase bottled water? (Circle the number of your answer.)

1 Yes (GO ON TO QUESTION 15)

2 No

As a result of the announcement of TCE in your water supply, did your
household increase its purchases of bottled water? (Circle the number of
your answer.)

1 Yes (GO ON TO QUESTION 16)

2 No

How many additional gal ions of bottled water did you purchase in an
average week after the announcement of TCE in your water supply?

additional gallons per week



125

17. Please describe any other measures individuals in your household took to
avoid using tap water before the announcement of TCE in your water supply.

18. As a result of the finding of TCE in your water supply, did anyone in your
household begin purchasing bottled water? (Circle the number of your
answer.)

1 Yes (GO ON TO QUESTION 19)

2 No

19. After the announcement of TCE in your water supply. how many gallons of
bottled water did your household purchase in an average week?

20. As a
your

gallons per week

result of the announcement of TCE in your
household purchase any type of bane water

water supply, did anyone in
purif ication system, or

purchase additional equipment if you already had some type of purification
system? (Circle the number of your answer.)

1 Yes (GO ON TO QUESTION 21)

2 No

21. HOW much money was spent on the home water purification system or

supply, did your
residence, such as

additional equipment, including installation?

do l la rs

22. As a result of the announcement of TCE in your water
household obtain water f ran a source other than your
haul ing water from a friend’s home whose water does not contain TCE?
(Circle the number of your answer.)

1 Yes (GO ON TO QUESTION 23)

2 No 

23. How many trips per week did you or other members of your household make in
an average week to obtain water?

trips per week
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24. How often was this trip for the sole purpose of hauling water? (Circle the
number of your answer.)

1 Never

2 About one-quarter of the time

3 About one-half of the time

4 About three-quarters of the time

5 Always

25. What was the average round-trip distance of a trip to haul water?

miles round-trip distance

26. As a result of the finding of TCE in your water supply, did anyone in your
household boil tap water to reduce the levels of TCE? (Circle the number
of your answer.)

1 Yes (GO ON TO QUESTION 27)

2 No

27. After the announcement of TCE in your water supply, how many gallons of
water did your household boil in an average week?

gallons per week

28. Please describe any other measures
reduce exposure to the TCE in your

indiv iduals  in
water supply.

your household took to

29. At this time, are you or anyone in your household still taking measures to
avoid exposure to TCE in your water supply? (Circle the number of your
answer.)

1 Yes (60 ON TO QUESTION 30)

2 No
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30. Please briefly list which measures you or members of your household are
currently taking to avoid exposure to TCE.

31. Have you been notified by the Perkasie Borough Mater Authority that the
levels of TCE in the water have been reduced below allowable levels?
(Circle the number of your answer.)

1. Yes

2. No

32. In your opinion. how much can you trust local officials (such as the
local water authority) to provide you with the facts about TCE in your
water supply? (Circle the number of your answer.)

1 You cannot trust than at all

2 You cannot trust them very much

3 You can trust them somewhat

4 You can trust them a lot

33. In your opinion. how much can you trust state officials (such as the DER)
to provide you with the facts about TCE in your water supply? (Circle
the number of your answer.)

1 You cannot trust them at all

2 You cannot trust them very much

3 You can trust them somewhat

4 You can trust them a lot

34. What do you think is the chance that your water supply will be affected
by other problems in the next few years? (Circle the number of your
answer.)

1 Very high chance

2 High chance

3 Moderate chance

4 Low chance

5 Very low chance
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C.

35.

36.

D.

37.

38.

39.

40.

RESIDENCE. Next are a few questions about your residence.

Do you own or rent the place in which you live? (Circle the number of your
answer. )

1 Own (or buying)

2 Rent

3 Other :

How long have you lived in your current home?

years

FAMILY INFORMATION.
you and your family.

In what year were you born?

We would like to ask a few questions about

What is your sex? (Circle the number of your answer.)

1 Male

2 Female

On each of the lines below, please put the number of people in each age
group who currently live in your household. Include yourself in the
count. (If none for any category, write “0”.)

Under 3 years old

3 - 5 years old

6 - 17 years old

18 - 24 years old

25 - 44 years old

45 - 64 years old

Over 64 years old

How far did you go in school? (Circle the number of your answer.)

1

2

3

4

5

6

7

Never attended school

Grade school

Some high school

Completed high school or equivalent

Some college or vocational school

Completed College

Graduate or professional school (e.g. masters, Ph.D., law,
medicine.)
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41. What is your marital status? (Circle the number of your answer.)

1 Marr ied

2 Not married

E. HEALTH. Next we would like to ask a few questions concerning your
health and possible health risks.

42. How would you rate your health at the present tire? (Circle the number of
your answer.)

1 Very poor

2  Poo r

3  F a i r

4 Good

5 Very Good

43. Do you get routine medical exams even though you are feeling well?
(Circle the number of your answer.)

1 Yes

2 No

44. Do you currently smoke cigarettes? (Circle the number of your answer.)

1 Yes (GO ON TO QUESTION 45)

2 No

45. On average, how many cigarettes a day do you smoke?

cigarettes

46. How many times per week do you normally exercise? (Circle the number of
your answer.)

1 Not at all

2 Once

3 Twice

4 Three to four times

5 Five or more times
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47. We are all exposed to a certain level of health risk from the environment
around us. such as pollutants in the air we breathe. Some of the chemicals
in the environment increase our risk of developing different types of
cancer.

Suppose you were faced with the increased risks of developing cancer by the
amounts listed below on the left. How serious of a health risk would you
consider each of these increases in your risk of developing cancer? (Please
circle a number on the right, one through five, following every increase in
risk given in the left column

Seriousness of health risk
Increase in Very Not Ins ig-
the Risk of Serious Serious Moderate Serious n i f i c a n t
Developing Cancer (5) (4) (3) (2) (1)

1 in a b i l l ion 5 4 3 2 1

1 in 100 million 5 4 3 2 1

1 in 10 mill ion 5 4 3 2 1

1 in a mill ion 5 4 3 2 1

1 in 100,000 5 4 3 2 1

1 in 10.000

1 in 1.000 5 4 3 2 1

1 in 100 5 4 3 2 1

1 in 10

48. Now would you rate the risks of developing cancer associated with the
levels of TCE in your water supply? (Circle the number of your answer.)

1 Ins ign i f i cant

2 Not serious

3 Moderate

4 Ser ious

5 Very serious

F. EMPLOYMENT. Lastly, we have a few questions about your current job.

49. At the present time, how would you describe your employment status?
(Circle the number of your answer.)

1 Employed full-time

2 Employed part-time

3 Not employed
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50. Of the those categories below, which one (or. if necessary, two best
describes your current situation? (Check the appropriate answers.)

Employed by another

Self-employed

Homemaker

Student

Retired

Disabled

Unemployed, looking for work

Unemployed, not looking for work

51. If you are employed, what level of risk in the form of injury or adverse
health effects do you feel you are exposed to while performing the duties
of your job? (Circle the number of your answer.)

1  I n s i g n i f i c a n t  r i s k

2 Hot serious risk

3 Moderate risk

4 Ser ious r isk

5 Very serious risk

6 Not applicable

52. What was the approximate total income of your household before taxes last
year (1966)? (Please check the appropriate answer.)

Under $5,000

$5,000 to $7,499

$7,500 to $9,999

$10,000 to $14,999

$15,000 to $19,999

$20,000 to $24,999

$25,000 to $34,999

$35,000 to $49,999

$50,000 to $74,999

$75,000 or more
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53. If we have not covered something that you feel is important, please use
this space for your comments.

THANK YOU FOR TAKING THE TIME TO CONTRIBUTE TO THIS STUDY !

Please return the questionnaire in the enclosed stamped envelope.
If you would like a summary of the study’s findings. please
write your name and address on the back of the return envelope.

W ater Quality and Household Activity Survey
2 Weaver Building
Penn State University
University Park, PA 16802
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Appendix E

Copy of Reminder Postcard

Sent to Perkasie and

Doylestown Samples



134

Last week I sent you a questionnaire concerned with water quality and household
activities related to water use. If you have already returned the questionnaire, thank you
for your prompt response. If you have not yet returned the questionnaire, please fill it out
and return it. To obtain accurate information. it is important to the study that your views
are represented.

If you did not receive a copy of the questionnaire or it was lost, please call me collect
at (814) 865-2561. Another copy will be mailed to you.

Sincerely,

Charles Abdalla
Department of Agricultural Economics
and Rural Sociology
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Appendix F

Copy of Follow-up Telephone

Interview for Perkasie Sample
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Perkasie Telephone Interview

Hello, my name is from Penn State University. We are
contact ing residents of Perkasie to f ind out about their act ivi t ies related
to household water use.
minutes to answer a few

Would you please help us by taking a couple of
questions?

home supplied by the Perkasie Water Authority or do1. Is the water in your
y o u  h a v e  a  p r i v a t e  w e l l ?

1 Perkasie Water Authority
2  Pr ivate  wel l
3 Don’t know

2. In early 1988 the Pennsylvania Department of Environmental resources
found a chemical called TCE in the Perkasie Borough Water. Were you
aware of the finding of TCE in the water?

1 Yes (Go to #3)
2 No (Go to #7)

3. Before finding out about TCE, was your household avoiding tap water
use, such as by buying bottled water, using a water treatment system,
boiling water or hauling water from a source outside your home?

1 Yes (Go to #4)
2 No (Go to #5)

4. Could you please list the measures you were taking?
1 Bot t led water
2 Boi l ing water
3 Treatment system
4 Hauling water
5  O t h e r :

5. After finding out about TCE, did your household do anything differently
concerning water use?

1 Yes (Go to #6)
2 No (Go to #7)

6. Could you please describe what your household did differently?
1 Increase bottled water purchases
2 Begin to purchase bottled water
3  Bo i l  wa te r
4 Treatment system
5 Haul water
6  O the r :

7. That’s all I would like to ask you, thank you for your time.
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Appendix G

Copy of Follow-up Telephone

Interview for Doylestown Sample
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Doylestown Telephone Interview

Hello, my name is from Penn State University. We are
contact ing residents of Doylestown to f ind out about their act ivi t ies
related to household water use. Would you please help us by taking a
couple of minutes to answer a few questions?

1. Is the water in oyur home supplied by the
you have a private well?

1 Doylestown Water Works
2 Pr ivate  wel l
3 Don’t know

2. Is your household avoiding tap water use,
water, using a water treatment system, boiling water or hauling water
from a source outside your home?

1 Yes (Go to #3)
2 No (Go to #4)

such as by buying bottled

Doylestown Water Works or do

3. Could you please list the measures you are taking?
1 Buying bott led water
2 Boi l ing water
3 Treatment system
4 Hauling water
5  O t h e r :

4. That’s all I would like to ask you, thank you for your time.
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Appendix H

Frequencies of Perkasie Variables

Not Presented in the Text



140

Table H.1
Question 1: How would you rate your familiarity with chemical

substances?

Category of response Frequency Percentage

1.  Not  fami l ia r  a t  a l l 170 21.4
2. Somewhat familiar 478 60.3
3.  Fami l iar 100 12.6
4. Very Famil iar 36 4.5

Missing Values 9 1.1

Total 793 100.0

Table H.2
Question 2: In your opinion, how serious a problem are toxic

chemicals in the environment ( i .e.,  air ,  water or soi l)
within our society?

Category of Response Frequency Percentage

1. Not serious 10
2. Somewhat serious 91  1.3
3. Serious 270 34.0
4. Very serious 381 48.0

Missing Values 1 0.1

Total 793 100.0

Table H.3
Question 6: Prior to the announcement of TCE in your water supply,

were you aware of any other problem(s) with your water
supply?

Category of Response Frequency Percentage

1. Yes 18.4
2. No 242 79.6

Missing Values 6 2.0

Total 304 100.0



141

Table H.4
Question 9: Overall, how much information have you received or

obtained about the health risks of drinking or being
exposed to water containing TCE?

Category of Response Frequency Percentage

1. None 63 20.7
2 .  V e r y  l i t t l e 182 59.9
3. A fair amount 51 16.8
4.  A lo t 6 2.0

Missing Values 2 0.7

Total 304 100.0

Table H.5
Question 10: Overall, how much information have you received or

obtained about the actions that could be taken by your
household to reduce or avoid exposure to TCE?

Category of Response Frequency Percentage

1. None 114 37.5
2.  Very L i t t le 142 46.7
3. A fair amount 40 13.2
4.  A lo t 4 1.3

Missing Values 4 1.3

Total 304 100.0

Table H.6
Question 11: How much time did you and other members of your

household spend locating information about the health
risks of TCE or the actions that you could take to avoid
exposure to TCE?

Category of Response Frequency Percentage

1. None 208 68.4
2. 1 to 3 hours 77 25.3
3. 4 to 6 hours 9 3.0
4. 7 to 10 hours 1 0.3
5. 11 to 15 hours 0 0.0
6. More than 15 hours 4 1.3

Missing Values 5 1.6

Total 304 100.0
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Table H.7
Question 12: How much money did you and other members of your

household spend locating information about the health
risks of TCE or the actions that could be taken to
avoid exposure to TCE?

Category of Response Frequency Percentage

1. None 273 90.0
2. 1 to 10 dollars 18 5.9
3. 11 to 20 dollars 2 0.7
3. 21 to 50 dollars 2 0.7
4. 51 to 100 dollars 1 0.3
5. More than 100 dollars 0 0.0

Missing Values 8 2.6

Total 304 100.0

Table H.8
Question 29: At this time, are you or anyone in your household still

taking measures to avoid exposure to TCE in your water
supply?

Category of Response Frequency Percentage

1. Yes 85 28.0
2. No 202 66.4

Missing Values 17 5.6

Total 304 100.0

Table H.9
Question 31: Have you been notified by the Perkasie Borough Water

Authority that the levels of TCE have been reduced
below allowable levels?

Category of Response Frequency Percentage

1. Yes 107 35.2
2. No 162 53.3

Missing Values 35 11.5

Total 304 100.0
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Table H.10
Question 32: In your opinion, how much can you trust local officials

(such as the local water authority) to provide you with
the facts about TCE in your water supply?

Category of Response Frequency Percentage

1. Cannot trust them at all 84 12.0
2. Cannot trust them very much 180 25.7
3. Can trust them somewhat 335 47.9
4. Can trust them alot 82 11.7

Missing Values 19 2.7

Total 700 100.0

Table H.11
Question 33: In your opinion, how much can you trust state officials

(such as the DER) to provide you with the facts about
TCE in your water supply?

Category of Response Frequency Percentage

1. Cannot trust them at all 86 12.3
2. Cannot trust them very much 206 29.4
3. Can trust them somewhat 331 47.3
4. Can trust them alot 55 7.9

Missing Values 22 3.1

Total 700 100.0

Table H.12
Question 34: What do you think is the chance that your water supply

will be affected by other problems in the next few
years?

Category of Response Frequency Percentage

1. Very high chance 142 20.3
2. High chance 245 35.0
3. Moderate chance 232 33.1
4. Low chance 54 7.7
5. Very low chance 7 1.0

Missing Values 20 2.9

Total 700 100.0
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Table H.13
Question 35: Do you own or rent the place in which you live?

Category of Response Frequency Percentage

1. Own (or buying ) 534 76.3
2. Rent 160 22.9

Missing Values 6 0.9

Total 700 100.0

Table H.14
Question 38: What is your sex?

Category of Response Frequency Percentage

1. Male 372 53.1
2. Female 314 44.9

Missing Values 14 2.0

Total 700 100.0

Table H.15
Question 39: Number of individuals in household by age categories.

One Two Three Four
None. Person. People. People. People.
Frequency Frequency Frequency Frequency Frequency

Age Category (%) (%) (%) (%) (%)

1. Under 3 561 109
(81.7) (15.9) (2 .5) (0 .0) (0 .0)

2. 3 to 5 574 92 21 0 0
(83.6) (13.4) (3.1) (0.0) (0 .0)

3. 6 to 17 475 110 77 21 4
(69.1) (16.0) (11.2) (3 .1) (0 .6)

4. 18 to 24 576 78 30 2 1
(83.8) (11.4) (4 .4) (0 .3) (0.1)

5. 25 to 44 246 124 311 6 0
(35.8) (18.0) (45.3) (0 .9) (0 .0)

6. 45 to 64 525 81 81 0 0
(76.4) (11.8) (11.8) (0 .0) (0.0)

7. Over 64 535 152 0 0 0
(77.9) (22.1) (0 .0) (0.0) (0 .0)
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Table H.16
Question 40: How far did you go in school?

Category of Response Frequency Percentage

1. Never attended school 1 0.1
2. Grade school 24 3.4
3. Some high school 50 7.1
4. Completed high school 200 28.6
5. Some college or vocational 201 28.7

school
6. Completed college 140 20.0
7. Graduate or professional

school 73 10.4
Missing values 11 1.6

Total 700 100

Table H.17
Question 41: What is you marital status?

Category of Response Frequency Percentage

1. Married 520 74.3
2. Not married 170 24.3

Missing Values 10 1.4

Total 700 100.0

Table H.18
Question 42: How would you rate your health at the present time?

Category of Response Frequency Percentage

1. Very poor 4 0.6
2. Poor 14 2.0
3 .  Fa i r 83 11.9
4. Good 302 43.1
5. Very good 291 41.6

Missing Values 6 0.9

Total 700 100.0
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Table H.19
Question 43: Do you get routine medical exams even though you are

fee l ing wel l?

Category of Response Frequency Percentage

1. Yes 410 58.9
2. No 282 40.3

Missing Values 8 1.1

Total 700 100.0

Table H.20
Question 44: Do you currently smoke cigarettes?

Category of Response Frequency Percentage

1. Yes 137 19.6
2. No 555 79.3

Missing Values 8 1.1

Total 700 100.0

Table H.21
Question 46: How many times per week do you normally exercise?

Category of Response Frequency Percentage

1. Not at al l 166 23.7
2. Once 85 12.1
3. Twice 182 26.0
4. Three to four times 157 22.4
5. Five or more times 96 13.7

Missing Values 14 2.0

Total 700 100.0
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Table H.22
Question 47(a): How serious of a health risk would you consider a 1

in a bi l l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 332 47.4
2. Not serious r isk 86 12.3
3. Moderate risk 38 5.4
4. Serious r isk 18 2.6
5. Very serious r isk 36 5.1

Missing Values 190 27.1

Total 700 100.0

Table H.23
Question 47(b): How serious of a health risk would you consider a 1

in 100 mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 241 34.4
2. Not serious r isk 147 21.0
3. Moderate risk 61 8.7
4. Serious r isk 23 3.3
5. Very serious r isk 38 5.4

Missing Values 190 27.1

Total 700 100.0

Table H.24
Question 47(c): How serious of a health risk would you consider a 1

in 10 mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 118 16.9
2. Not serious r isk 192 27.4
3. Moderate risk 110 15.7
4. Serious r isk 47 6.7
5. Very serious r isk 41 5.9

Missing Values 192 27.4

Total 700 100.0
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Table H.25
Question 47(d): How serious of a health risk would you consider a 1

in a mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 51 7.3
2. Not serious r isk 162 23.1
3. Moderate risk 150 21.4
4. Serious r isk 86 12.3
5. Very serious r isk 59 8.4

Missing Values 192 27.4

Total 700 100.0

Table H.26
Question 47(e): How serious of a health risk would you consider a 1

in 100 thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 11 1.6
2. Not serious r isk 65 9.3
3. Moderate risk 173 24.7
4. Serious r isk 143 20.4
5. Very serious r isk 114 16.3

Missing Values 194 27.7

Total 700 100.0

Table H.27
Question 47(e): How serious of a health risk would you consider a 1

in 100 thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 11 1.6
2. Not serious r isk 65 9.3
3. Moderate risk 173 24.7
4. Serious r isk 143 20.4
5. Very serious r isk 114 16.3

Missing Values 194 27.7

Total 700 100.0
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Table H.28
Question 47(f): How serious of a health risk would you consider a 1

in 10 thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 6 0.9
2. Not a serious r isk 25 3.6
3. Moderate risk 9 9 14.1
4. Serious r isk 175 25.0
5. Very serious r isk 203 20.0

Missing Values 192 27.4

Total 700 100.0

Table H.29
Question 47(g): How serious of a health risk would you consider a 1

in a thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 2 0.3
2. Not a serious risk 13 1.9
3. Moderate risk 33 4.7
4. Serious r isk 126 18.0
5. Very serious r isk 336 48.0

Missing Values 190 27.1

Total 700 100.0

Table H.30
Question 47(h): How serious of a health risk would you consider a 1

in a hundred increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 1 0.1
2. Not a serious risk 9 1.3
3. Moderate risk 13 1.9
4. Serious r isk 39 5.6
5. Very serious r isk 449 64.1

Missing Values 189 27.0

Total 700 100.0
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Table H.31
Question 47(i) : How serious of a health risk would you consider a 1

in 10 increase in your risk of developing cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 1 0.1
2. Not a serious r isk 2 0.3
3. Moderate risk 12 1.7
4. Serious r isk 12 1.7
5. Very serious r isk 484 69.1

Missing Values 189 27.0

Total 700 100.0

Table H.32
Question 49: At the present time, how would you describe your

employment status?

Category of Response Frequency Percentage

1. Employed full-time 419 59.9
2. Employed part-time 78 11.1
3. Not employed 189 27.0

Missing Values 14 2.0

Total 700 100.0

Table H.33
Question 51: If you are employed, what level of risk in the form of

injury or adverse health effects do you feel you are
exposed to while performing the duties of your job?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 133 19.0
2. Not a serious r isk 136 19.4
3. Moderate risk 167 23.9
4. Serious r isk 47 6.7
5. Very serious r isk 19 2.7

Missing Values 198 28.3

Total 700 100.0
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Table H.34
Question 52: What was the approximate total income of your household

before taxes last year (1988)?

Category of Response Frequency Percentage

1. Under $5,000 15 2.1
2. $5,000 to $7,499
3. $7,500 to $9,999
4. $10,000 to $14,999
5. $15,000 to $19,999
6. $20,000 to $24,999
7. $25,000 to $34,999
8. $35,000 to $49,999
9. $50,000 to $74,999

10. $75,000 or more
Missing Values

10
21
40
51
55

123
162
120
21
82

1.4
3.0
5.7
7.3
7.9

17.6
23.1
17.1
3 .0

11.7

Total 700 100.0
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Appendix I

Frequency of Doylestown Variables

Not Presented in the Text
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Table I.1
Question 1: How would you rate your familiarity with chemical

substances?

Category of Response Frequency Percentage

1.  Not  fami l ia r  a t  a l l 115 15.6
2. Somewhat familiar 417 56.6
3.  Fami l iar 152 20.6
4. Very Famil iar 45 6.1

Missing Values 8 1.1

Total 737 100.0

Table I.2
Question 2: In your opinion, how serious a problem are toxic

chemicals in the environment ( i .e.,  air ,  water or soi l)
within our society?

Category of Response Frequency Percentage

1. Not serious 11 1.5
2. Somewhat serious 73 9.9
3. Serious 241 32.7
4. Very serious 387 52.5

Missing Values 5 0.7

Total 737 100.0

Table 1.3
Question 13: In you opinion, how much can you trust local officials

to provide you with the facts about the quality of your
water supply?

Category of Response Frequency Percentage

1. Cannot trust them at all 57 7.7
2. Cannot trust them very much 158 21.4
3. Can trust them somewhat 402 54.5
4. Can trust them alot 104 14.1

Missing Values 16 2.2

Total 737 100.0
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Table I.4
Question 14: In you opinion, how much can you trust state officials

to provide you with the facts about the quality of your
water supply?

Category of Response Frequency Percentage

1. Cannot trust them at all 86 11.7
2. Cannot trust them very much 199 27.0
3. Can trust them somewhat 387 52.5
4. Can trust them alot 48 6.5

Missing Values 17 2.3

Total 737 100.0

Table I.5
Question 15: What do you think is the chance that your water supply

will be affected by any problems in the next few years?

Category of Response Frequency Percentage

1. Very high chance 13.4
2. High chance 166 22.5
3. Moderate chance 324 44.0
4. Low chance 117 15.9
5. Very low chance 22 3.0

Missing Values 9 1.2

Total 737 100.0

Table I.6
Question 16: Do you own or rent the place in which you live?

Category of Response Frequency Percentage

1. Own (or buying) 714 96.9
2. Rent 13 1.8

Missing Values 10 1.4

Total 737 100.0
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Table I.7
Question 19: What is your sex?

Category of Response Frequency Percentage

1. Male 434 58.9
2. Female 286 38.8

Missing Values 17 2.3

Total 737 100.0

Table I.8 Number of individuals in household by age category.

One Two Three Four
None. Person. People. People. People.
Frequency Frequency Frequency Frequency Frequency

Age Category (%) (%) (%) (%) (%)

1. Under 3 660
(92.2)

2. 3 to 5 657
(91.8)

3. 6 to 17 520
(72.6)

4. 18 to 24 595
(83.1)

5. 25 to 44 366
(51.1)

6. 45 to 64 403
(56.3)

7. Over 64 520
(72.6)

47
Text

55
(7 .7)

94
(13.1)

92
(12.8)

126
(17.6)

135
(18.9)

95
(13.3)

9
(1.3)

4
(0.6)

78
(10.9)

26
(3 .6)

218
(30.4)

177
(24.7)

99
(13.8)

0
(0.0)

0
(0.0)

18
(2.5)

3
(0.4)

5
(0.7)

1
(0.1)

2
(0.3)

0
(0.0)

0
(0 .0)

6
(0.8)

0
(0.0)

1
(0.1)

0
(0.0)

0
(0.0)
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Table I.9
Question 21: How far did you go in school?

Category of Response Frequency Percentage

1. Never attended school 1 0.1
2. Grade school 16 2.2
3. Some high school 19 2.6
4. Completed high school 123 1637
5. Some college or vocational

school 166 22.5
6. Completed college 192 26.1
7. Graduate or professional

school 205 27.8
Missing Values 15 2.0

Total 737 100.0

Table I.10
Question 22: What is your marital status?

Category of Response Frequency Percentage

1. Married 560 76.0
2. Not married 162 22.0

Missing Values 15 2.0

Total 737 100.0

Table I.11
Question 23: How would you rate your health at the present time?

Category of Response Frequency Percentage

1. Very poor 3 0.4
2. Poor 6 0 . 8
3 .  Fa i r 83 11.3
4. Good 321 43.6
5. Very good 310 42.1

Missing Values 14 1.9

Total 737 100.0
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Table I.12
Question 24: Do you get routine medical exams even though you are

fee l ing wel l?

Category of Response Frequency Percentage

1. Yes 503 68.2
2. No 219 29.7

Missing Values 15 2.0

Total 737 100.0

Table I.13
Question 25: Do you currently smoke cigarettes?

Category of Response Frequency Percentage

1. Yes 111 15.1
2. No 610 82.8

Missing Values 16 2.2

Total 737 100.0

Table I.14
Question 27: How many times per week do you normally exercise?

Category of Response Frequency Percentage

1. Not at al l 142 19.3
2. Once 73 9.9
3. Twice 152 20.6
4. Three to four times 220 29.9
5. Five or more times 118 16.0

Missing Values 32 4.3

Total 737 100.0
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Table I.15
Question 28(a): How serious of a health risk would you consider a 1

in a bi l l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 387 52.5
2. Not a serious r isk 74 10.0
3. Moderate risk 40 5.4
4. Serious r isk 19 2.6
5. Very serious r isk 15 2.0

Missing Values 202 27.4

Tota l 737 100.0

Table I.16
Question 28(b): How serious of a health risk would you consider a 1

in 100 mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 272 36.9
2. Not a serious r isk 158 21.4
3. Moderate risk 63 8.5
4. Serious r isk 25 3.4
5. Very serious r isk 17 2.3

Missing Values 202 27.4

Total 737 100.0

Table I.17
Question 28(c): How serious of a health risk would you consider a 1

in 10 mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 168 22.8
2. Not a serious risk 167 22.7
3. Moderate risk 129 17.5
4. Serious r isk 45 6.1
5. Very serious r isk 26 3.5

Missing Values 202 27.4

Total 737 100.0
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Table I.18
Question 28(d): How serious of a health risk would you consider a 1

in a mil l ion increase in your r isk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 80 10.9
2. Not a serious r isk 131 17.8
3. Moderate risk 174 23.6
4. Serious r isk 107 14.5
5. Very serious r isk 42 5.7

Missing Values 203 27.5

Total 737 100.0

Table I.19
Question 28(e): How serious of a health risk would you consider a 1

in 100 thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 24 3.3
2. Not a serious risk 71 9.6
3. Moderate risk 158 21.4
4. Serious r isk 155 21.0
5. Very serious r isk 127 17.2

Missing Values 202 27.4

Total 737 100.0

Table I.20
Question 28(f): How serious of a health risk would you consider a 1

in 10 thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 10 1.4
2. Not a serious r isk 22 3.0
3. Moderate risk 99 13.4
4. Serious r isk 176 23.9
5. Very serious r isk 228 30.9

Missing Values 202 27.4

Total 737 100.0
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Table I.21
Question 28(g): How serious of a health risk would you consider a 1

in a thousand increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 4 0.5
2. Not a serious risk 7 0 .9
3. Moderate risk 34 4.6
4. Serious r isk 112 15.2
5. Very serious r isk 378 51.3

Missing Values 202 27.4

Total 737 100.0

Table I.22
Question 28(h): How serious of a health risk would you consider a 1

in a hundred increase in your risk of developing
cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 2 0.3
2. Not a serious r isk 4 0.5
3. Moderate risk 11 1.5
4. Serious r isk 41 5.6
5. Very serious r isk 477 64.7

Missing Values 202 27.4

Total 737 100.0

Table I.23
Question 28(i) : How serious of a health risk would you consider a 1

in 10 increase in your risk of developing cancer?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 2 0.3
2. Not a serious risk 4 0.5
3. Moderate risk 4 0.5
4. Serious r isk 13 1.8
5. Very serious r isk 512 69.5

Missing Values 202 27.4

Total 737 100.0
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Table I.24
Question 29: At the present time, how would you describe your

employment status?

Category of Response Frequency Percentage

1. Employed full-time 428 58.1
2. Employed part-time 97 13.2
3. Not employed 198 26.9

Missing Values 14 1.0

Total 737 100.0

Table I.25
Question 31: If you are employed, what level of risk in the form of

injury or adverse health effects do you feel you are
exposed to while performing the duties of your job?

Category of Response Frequency Percentage

1 .  I ns i gn i f i can t  r i s k 244 33.1
2. Not a serious risk 127 17.2
3. Moderate risk 135 18.3
4. Serious r isk 25 3.4
5. Very serious r isk 14 1.9

Missing Values 192 26.1

Total 737 100.0

Table I.26
Question 32: What was the approximate total income of your household

before taxes last year (1988)?

Category of Response Frequency Percentage

1. Under $5,000 4 0.5
2. $5,000 to $7,499 9 1.2
3. $7,500 to $9,999 7 0 .9
4. $10,000 to $14,999 26 3.5
5. $15,000 to $19,999 27 3.7
6. $20,000 to $24,999 49 6.6
7. $25,000 to $34,999 90 12.2
8. $35,000 to $49,999 143 19.4
9. $50,000 to $74,999 191 25.9

10. $75,000 or more 111 15.1
Missing Values 80 10.9

Total 737 100.0
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Appendix J

Summary of Two-Stage Least

Squares Application
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The appl icat ion of ordinary least-squares (OLS) indicated that r isk
perception signif icantly inf luenced avert ing expenditures in both
communities. However, risk perception can be hypothesized to be
dependent upon some of the same independent variables as averting
expenditures. For example, trust in state and local officials may have a
signif icant inf luence upon r isk perception and avert ing expenditures. The
implications of such a situation are presented below.

Define a regression model as:

(1)

Assume one of the independent variables       can be specified as a
dependent variable in another regression model as:

(2)

where some of the independent variables are similar to those included in
Equation 1. Using OLS to estimate Equation 1 will result in a correlation
between      and the error term      (Hanushek and Jackson, 1977). This
violates the assumption of the OLS model that the error term is
uncorrelated with each independent variable. As a result, the parameter
estimate associated with    will be biased and inconsistent (Pindyck and
Rubinfeld, 1981).

Unbiased and consistent results can be obtained in this situation by
applying two-stage least-squares (2SLS) (Pindyck and Rubinfeld, 1981). The
first stage uses OLS techniques to estimate Equation 2. The predicted
values of    are then used as independent variables in Equation 1 instead
of the actual values of     . Equation 1 is then estimated using OLS. While
2SLS estimates are unbiased and consistent, inefficient results may occur
using 2SLS (Kmenta, 1971). In other words, a 2SLS approach may indicate
that some independent variables are not signif icantly related to the
dependent variable which should be significant.

Regression models were run for both communities using 2SLS. The 2SLS
results for the Doylestown sample are presented in Table J.1. The
dependent variable considered in the first stage was D_RISK. The first
stage model was constructed by referring to the Pearson correlation matrix
(similar to the procedure described in sect ion 5.2). The predicted value
of D_RISK was then used as an independent variable in the second stage
regressions. The dependent variable was estimated yearly averting
expenditures. The predicted value of D_RISK was stat ist ical ly signif icant
at the 0.10 level in the second stage regression model.

The 2SLS regression results for the Perkasie sample are presented in
Table J.2. The dependent variable was P_TCE in the first stage regression.
The dependent variable in the second stage was the estimated averting
expenditures associated with TCE contamination. The predicted value of
P_TCE was stat ist ical ly signif icant at the 0.05 level.
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Table J.1 Doylestown Two-Stage Least Squares Regression Results

First Stage (Dependent Variable - D_RISK)
Number of Observations: 637
F-Value: 28.067 (entire model is signif icant at the 0.01 level)
R-Squared Value: 0.2091 Adjusted R-Squared Value: 0.2016

Variable Parameter Estimate T-Value
In tercept 3.166 9.376***
TRUST -0.170 -7.519***
SERIOUS 0.270 6.256***
SCHOOL -0.103 -3.695***
FUTURE -0.136 -3. 129***
GENDER 0.007 0.114
AGE -0.003 -1.260

Second Stage (Dependent Variable - Estimated Yearly Averting
Expenditures)

Number of Observations: 600
F-Value: 8.356 (Entire model is si
R-Squared Value: 0.1432

gni f icant  a t  the 0 .01 leve l )
Adjusted R-Squared Value: 0.1261

Variable Parameter Estimate T-Value
In tercept -445.249 -1.950%
HOME 101.719 3.838***
FAMILIAR 10.685 2. 330**
INCOME 20.966 2.501**
INFANT 16.030 2. 159**
D_RISK (Predicted) 118.826 1. 778*
SCHOOL 14.301 1.910*
D PROB -2.350 -0.095
FUTURE 1.670 0.211
CHILD 16.464 1.290
SERIOUS -24.480 -1.467
TRUST 16.423 1.459
AGE 0.064 0.198
D RATE 1.734 0.652
EXERCISE 4.601 1.038

* * *
* * -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .01 leve l

* -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
-  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .10 leve l
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Table J.2 Perkasie Two-Stage Least Squares Regression Results

First Stage (Dependent Variable - P_TCE)
Number of Observations: 251
F-Value: 12.686 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.2613 Adjusted R-Squared Value: 0.2407

Variable Parameter Estimate T-Value
In tercept 0.697 1.160
SERIOUS 0.351 4.202***
GENDER 0.432 3.667***
TRUSTLOC -0.280 -3.465***
FUTURE 0.181 2. 079**
HOME 0.193 1.041
P OTHER 0.111 0.719
AGE 0.005 1.271

Second Stage (Dependent Variable - Estimated Household Expenditures
Resulting from TCE Contamination)

Number of Observations: 267
F-Value: 6.192 (Entire model is signif icant at the 0.01 level)
R-Squared Value: 0.0849 Adjusted R-Squared Value: 0.0712

Variable Parameter Estimate T-Value
In tercept -53.492 -1.197
INFANT 52.439 2.629***
P_TCE (Predicted) 31.486 2. 028**
P OTHER 41.426 1. 996**
CHILD 24.624 1.506

* * *
* * -  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .01 leve l

-  ind icates  s ta t is t ica l  s ign i f icance a t  the 0 .05 leve l
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The trust variables, FUTURE and SERIOUS significantly influenced
qual i tat ive r isk perception in both f i rst stage models. The Perkasie
first stage model indicated that males perceived the risk of TCE to be
higher. The second stage results indicated that the predicted values of
r isk perception were posit ively related to avert ing expenditures but the
significance of this relationship was lower than the OLS results displayed.
The parameter estimate of P_TCE was 24.779 using OLS and 31.486 using 2SLS.
This suggests that the bias associated with OLS was probably small. The
bias appeared to be larger in the Doylestown sample since the parameter
estimate of D_RISK was 10.513 using OLS and 118.826 using 2SLS. Also, the

2R values of the 2SLS models were slightly less than those of the OLS
models.

A tradeoff exists between 2SLS and OLS. Biased and inconsistent
results may occur using OLS but less eff icient results are l ikely to occur
using 2SLS. Applying both techniques to the data indicated the bias
associated with OLS affected the magnitude but not the sign of the
parameter estimates. However, the loss of efficiency associated with the
2SLS approach may have affected the significance level of the qualitative
r isk  var iab les.

The survey instrument used in this study was not designed to
determine the factors inf luencing r isk perceptions. The ineff iciency
associated with 2SLS could be decreased by eliciting more information
concerning the variables inf luencing r isk perceptions.


